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(57) An object of the present invention is to provide 
a light emitting device having a high emission intensity, 
and a light emitting device having a high emission inten- 
sity and a good color rendering property. 

The present invention provides a light emitting de- 
vice which comprises: 

a first light emitter emitting light of from 350 to 415 
nm and 

a second light emitter emitting visible light by expo- 
sure to the light from the first light emitter, 

wherein said second light emitter comprises a phosphor 
capable of satisfying any one of the following conditions 
(i) to (iv): 

(i) the phosphor comprises; 

(a) a crystal phase whose Eu concen- 
tration providing the maximum emis- 
sion intensity at any one of excitation 
wavelengths of from 350 to 41 5 nm is 



higher than that providing the maxi- 
mum emission intensity at an excita- 
tion wavelength of 254 nm; and 
(b) a crystal phase which is activated 
by Eu having at least 1 .1 times the con- 
centration providing the maximum 
emission intensity at an excitation 
wavelength of 254 nm and 0.5 to 9 
times the concentration providing the 
maximum emission intensity at an ex- 
citation frequency of 400 nm: 

(ii) the phosphor comprises a crystal phase having 
an Eu-Eu mean distance, as calculated from the Eu 
concentration in a crystal matrix, of 4A or greater 
but not greater than 1 1 A: 

(iii) the phosphor has a quantum absorption effi- 
ciency ctq of 0.8 or greater: 

(iv) the phosphor has a product a q T)j of a quantum 
absorption efficiency a q and an internal quantum ef- 
ficiency T), of 0.55 or greater. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a light emitting device, more specifically, to a light emitting device having a 
high color rendering property under any using environment and capable of emitting light with high intensity, which 
device is obtained by using, in combination, a first light emitter which emits light in the ultraviolet to visible light region, 
driven by a power source, and as a wavelength conversion material, a second light emitter which emits longwave 
visible light, absorbing the light in the ultraviolet to visible light region and has a phosphor whose matrix compound 

10 contains an emission center ion. 

BACKGROUND ART 

[0002] With a view to generating various colors including white uniformly with a good color rendering property by 
15 mixing blue, red and green colors, alight emitting device which radiates colored light from a first light emitter such as 
LED or LD to a phosphor as a second light emitter to cause color conversion is proposed. For example, in Japanese 
Patent Publication No, Sho 49-1221, proposed is a method of forming a display by exposing a phosphor 
( Y 3-x-y Ce x Gd y M 5-z Ga z°i2 ( in which Y represents Y, Lu or La, and M represents Al, Al-ln or Al-Sc) to the beam of a 
laser (first light emitter) which radiates a beam with wavelengths of from 300 to 530 nm and thereby causing its light 
20 emission. 

[0003] In recent days, a white-light emitting device having, as a first light emitter, a gallium nitride (GaN) LED or LD 
which has attracted attentions as a blue light emitting semiconductor light emitting element and having a high emission 
efficiency and, as a second light emitter, a variety of phosphors is proposed as a radiation source for an image display 
device or illuminator by making use of its features such as low power consumption and long life. 

25 [0004] For example, described in Japanese Patent Application Laid-Open No. Hei 1 0-2451 3 is a light emitting device 
having, as a first light emitter, a nitride semiconductor LED or LD chip and, as a second light emitter, a yttrium-alumi- 
num-gamet phosphor. In U.S. Patent No. 6,294,800, a substance having a green-light emitter containing Ca 8 Mg 
(Si0 4 ) 4 CI 2 :Eu 2+ ; Mn 2+ , a red light emitting phosphor and a blue light emitting phosphor in combination is disclosed as 
a substance capable of generating white light when exposed to light in a range of from 330 to 420 nm, that is, typified 

30 by light from LED. As an example of the blue light emitting phosphor, (Sr,Ba,Ca) 5 (P0 4 ) 3 CI:Eu 2+ is mentioned. In U.S. 
Patent No. 6,278,135, described is a light emitting device which emits visible light when a phosphor is exposed to 
ultraviolet light from LED. As the phosphor, BaMg 7 AI 16 0 27 :Eu 2+ is given. 

[0005] The above-described light emitting devices using such phosphors have not emission intensity enough for use 
as a light emitting source for displays, backlight sources or traffic signals. There is accordingly a demand for further 
35 improvement. 

[0006] When a light emitting device using a first light emitter and a second emitter in combination is employed as a 
light emitting source for displays, backlight sources and traffic signals, it is required to have high emission intensity 
and at the same time, to be excellent in a color rendering property which serves as a measure for showing how the 
appearance of an object exposed to white light from a light emitting device resembles to that exposed to sunlight. 

40 [0007] For example, as described in Japanese Patent Application Laid-Open No. Hei 1 0-24251 3 : when a blue LED 
or blue laser as a first light emitter is used in combination with a cerium-activated yttrium aluminum garnet phosphor 
as a second light emitter, a white color is generated by mixing the blue light generated from the first light emitter with 
a yellow color generated by the second light emitter. When the emission spectrum produced by this combination is 
compared with the spectrum of sunlight, emission intensity is considerably low in an intermediate region (470 nm to 

45 540 nm) between the blue light emission peak top (near 450 nm) and yellow light emission peak top (near 550 nm), 
and in a long wavelength region (580 to 700 nm) of a yellow peak. A blue-yellow mixed color system light emitting 
device has, in its emission spectrum, a low emission intensity portion different from the spectrum of a sunlight, so that 
its color rendering property is very low. 

[0008] On the other hand, a white light emitting device using, as a second light emitter, a mixture of blue, green and 
50 red phosphors is expected to have an improved color rendering property, because three peaks overlap each other 
different from the conventional blue-yellow mixing system in which two peaks overlap and a low emission intensity 
portion between peaks is narrowed. Even this blue-green-red mixed system, however, has a low emission intensity 
portion when half-width of each emission peak is small so that the problem of a low color rendering property still remains 
unsolved. 

55 

[Patent Document 1] 

Japanese Patent Publication No. Sho 49-1221 
[Patent Document 2] 
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Japanese Patent Application Laid-Open No. Hei 10-242513 
[Patent Document 3] 

U.S. Patent No. 6,294,800 
[Patent Document 4] 
5 U.S.. Patent No. 6,278,135 

[0009] With the above-described background art in view, the present invention has been made to develop a light 
emitting device having a considerably high emission intensity and good color rendering property. An object of the 
present invention is therefore to provide a double light emitter type light emitting device which can be manufactured 
10 easily, has a high emission intensity and has improved color rendering property. 

DISCLOSURE OF THE INVENTION 

[0010] The present inventors have carried out an extensive investigation with a view toward overcoming the above- 
15 described problems and completed the present invention. Described specifically, in the case of a conventional phospho r 
excited by light (mercury emission line) having a wavelength of 254 nm, an increase in the concentration of an activator 
causes a phenomenon called concentration quenching, which leads to energy loss and lowering in emission intensity. 
When the concentration of an activator is raised, the emission intensity tends to be smaller. 

[001 1] It has however been found that in the case of a phosphor excited by light with a wavelength ranging from 350 
20 to 415 nm, especially from 390 to 410 nm, moreover, 400 nm, even if the concentration of an activator (Eu) is made 
greater than that causing concentration quenching upon excitation by light of 254 nm, the emission intensity does not 
lower but shows a marked increase. It has also been found that a light emitter having a large quantum absorption 
efficiency or a phosphor having a product of a quantum absorption efficiency and internal quantum efficiency within a 
specific range emits visible light with high intensity, when exposed to light with the wavelength in a range of about 350 
25 to 415 nm, leading to the completion of the present invention. 

[0012] The subject matter of the present invention resides in a light emitting device comprising a first light emitter 
generating light of 350-415 nm and a second light emitter generating visible light by exposure to the light from the first 
light emitter, wherein the second light emitter comprises a phosphor capable of satisfying any one of the following 
conditions (i) to (iv): 

30 

(i) the phosphor comprises: 

(a) a crystal phase whose Eu concentration providing the maximum emission intensity at any one of excitation 
wavelengths of from 350 to 41 5 nm is higherthan that providing the maximum emission intensity at an excitation 

35 wavelength of 254 nm; and 

(b) a crystal phase which is activated by Eu having at least 1 .1 times the concentration providing the maximum 
emission intensity at an excitation wavelength of 254 nm and 0.5 to 9 times the concentration providing the 
maximum emission intensity at an excitation frequency of 400 nm: 

40 (ii) the phosphor comprises a crystal phase having an Eu-Eu mean distance, as calculated from the Eu concen- 

tration in a crystal matrix, of 4A or greater but not greater than 11 A: 

(iii) the phosphor has a quantum absorption efficiency oc q of 0.8 or greater: 

(iv) the phosphor has a product a^y\ x of a quantum absorption efficiency otq and an internal quantum efficiency r\ y 
of 0 .55 or greater. 

45 

[0013] In a preferred aspect of the present invention, there is provided a light emitting device, characterized in that 
the phosphor contains a crystal phase having a chemical composition represented by any one of the following formulas 
[1]to[4]: 

50 1 

Eu a Sr b M 1 5 . a „ b (P0 4 ) c X d [1] 

(wherein, M 1 represents a metal element other than Eu and Sr, X represents a monovalent anionic group other 
than P0 4 , a and b stand for numbers satisfying a>0, b>0, a+b<5 and at least one of a>0.1 and b>3, c stands for a 
55 number satisfying 2.7<c<3.3, and d stands for a number satisfying 0.9<d<1 .1): 
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M ^e"ex) M %xEu f M 3 (g . gy) M 3 ^M 4 (h . h2) M 4 ' hz O j [2] 

(wh erein , M 2 represents at least one element selected from the group consisting of Ba, Sr and Ca, M 2 ' represents 
a monovalent element or a divalent metal element (except Ba, Sr, Ca and Eu) having a radius of 0.92A or greater in 
the divalent form upon coordination number 6, M 3 represents at least one element selected from the group consisting 
of Mg and Zn, M 3 ' represents a divalent metal element (except Mg and Zn) having a radius less than 0.92A in the 
divalent form upon coordination number 6, M 4 represents at least one element selected from the group consisting of 
Al, Ga and Sc, M 4 ' represents a trivalent metal element (except Al, Ga and Sc); f stands for a number satisfying 
0.1 1<f<0.99, e stands for a number satisfying 0.9<(e+f)<1 .1 , g stands for a number satisfying 0.9<g<1 .1 1 , h stands for 
a number satisfying 9<h<11 , i stands for a number satisfying 15.3<g<18.7, x stands for a number satisfying 0<x<0.2, 
y stands for a number satisfying 0<y<0.2, and z stands for a number satisfying 0<z<0.2): 



M 5 j Eu k M 6 ,M 7 m O n [3 ] 

(wherein, M 5 represents a metal element comprising at least one element selected from the group consisting of 
Ba, Sr and Ca in a total amount of 90 mol% or greater, M 6 represents a metal element comprising at least one element 
selected from the group consisting of Mg and Zn in a total amount of 90 mol% or greater, M 7 represents a metal element 
20 comprising at least one element selected from the group consisting of Si and Ge in a total amount of 90 mol% or 
greater, j stands for a number satisfying 2.5<j<3.3, k stands for a number satisfying 0.0001 <k<1 .0, 1 stands for a number 
satisfying 0.9<1<1.1, m stands for a number satisfying 1.8<m<2.2 and n stands for a number satisfying 7.2<n<8.8): 

25 Eu oM 8 p (P0 4 ) q (B0 3 ) 2 ^Zr [4 ] 

(wherein, M 8 represents a metal element which contains Ca and 80 mol% or greater of which is composed of at 
least one element selected from the group consisting of Ca and Mg; Z represents an anionic group other than Pol- 
and B0 3 3 -; 0 stands for a number satisfying 0.003<o<2. 1 , p stands for a number satisfying 2.7<(o+p)<3.3, q stands for 

30 a number satisfying 1.2<q<2 and r stands for a number satisfying 0<r<0.1). 

[0014] The present inventors have also found that the above-described object can be attained by using, in a light 
emitting device having a first light emitter emitting light of 350-415 nm and a second light emitter emitting visible light 
by exposure to the light from the first light emitter, a phosphor comprising a crystal phase having a specific chemical 
composition as the second light emitter. 

55 [0015] More specifically, it has been found that the above-described object, particularly, high emission intensity can 
be attained by using, as the second light emitter, a crystal phase composed principally of (Sr,Ba,Ca) 5 (P0 4 ) 3 CI:Eu 2 + 
and having a higher Sr content and/or a higher Eu content, leading to the completion of the present invention. 
[0016] Accordingly, in an another aspect of the present invention, there is provided a light emitting device comprising 
a first light emitter emitting light of 350-415 nm and a second light emitter emitting visible light by exposure to the light 

40 from the first light emitter, said second light emitter comprising a phosphor comprising a crystal phase having a chemical 
composition of the formula [1]: 



Eu a Sr b M 1 5 . a . b (P0 4 ) c X d [1] 

(wherein, M 1 represents a metal element other than Eu and Sr, X represents a monovalent anionic group other 
than P0 4 , a and b stand for numbers satisfying a>0, b>0, a+b<5 and at least one of a>0.1 and b>3, c stands for a 
number satisfying 2.7<c<3.3, and d stands for a number satisfying 0.9<d<1.1). 

[0017] It has also been found that the above-described object, particularly, high emission intensity can be attained 
by using, as the second light emitter, a crystal phase composed principally of (Ba, Sr, Ca) (Mg, Zn) AI 10 O 17 :Eu 2+ and 
having a higher Eu content, leading to the completion of the present invention. 

[0018] Accordingly, in a further aspect of the present invention, there is provided a light emitting device comprising 
a first light emitter emitting light of 350-41 5 nm and a second light emitter emitting visible light by exposure to the light 
from the first light emitter, said second light emitter comprising a phosphor comprising a crystal phase having a chemical 
composition of the formula [2] : 
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M 2 (e -ex)M 2 ' ex Eu f M 3 ^M 3 '/ (h . hz) M 4 ' ^O, [2] 

(wherein, M 2 represents at least one element selected from the group consisting of Ba, Sr and Ca, M 2 ' represents 
5 a monovalent element or a divalent metal element (except Ba, Sr, Ca and Eu) having a radius of 0.92A or greater in 
the divalent form upon coordination number 6, M 3 represents at least one element selected from the group consisting 
of Mg and Zn, M 3 ' represents a divalent metal element (except Mg and Zn) having a radius less than 0.92A in the 
divalent form upon coordination number 6, M 4 represents at least one element selected from the group consisting of 
Al, Ga and Sc, M 4 represents a trivalent metal element (except Al, Ga and Sc), f stands for a number satisfying 
10 0.11<f<0.99, e stands for a number satisfying 0.9<(e+f)<1 .1 , g stands for a number satisfying 0,9<g<1 .11 , h stands for 
a number satisfying 9<h<11 , i stands for a number satisfying 15.3<g<18.7 : x stands for a number satisfying 0<x<0.2, 
y stands for a number satisfying 0<y<0.2, and z stands for a number satisfying 0<z<0.2). 

[0019] It has also been found that the above-described object, particularly high emission intensity can be attained 
by using, as the second light emitter, a crystal phase composed principally of (Ba,Sr,Ca) 3 MgSi 2 0 8 :Eu, leading to the 
15 completion of the present invention. 

[0020] Accordingly, in astill further aspect of the present invention, there is provided a light emitting device comprising 
a first light emitter emitting light of 350-415 nm and a second light emitter emitting visible light by exposure to the light 
from the first light emitter, said second light emitter comprising a phosphor having a crystal phase having a chemical 
composition of the formula [3]: 

20 

M 5 j Eu k M 6 l M 7 m O n [3] 

(wherein, M 5 represents a metal element comprising at least one element selected from the group consisting of 
25 Ba, Sr and Ca in a total amount of 90 mol% or greater, M 6 represents a metal element comprising at least one element 
selected from the group consisting of Mg and Zn in a total amount of 90 mol% or greater, M 7 represents a metal element 
comprising at least one element selected from the group consisting of Si and Ge in a total amount of 90 mol% or 
greater, j stands for a number satisfying 2.5<j<3.3, k stands for a number satisfying 0.0001 <k<1 .0, 1 stands for a number 
satisfying 0.9<1 <1 .1 , m stands for a number satisfying 1 .8<m<2.2 and n stands for a number satisfying 7.2<n<8.8). 
30 [0021] It has also been found that by using of an orthophosphate of Ca or Ca-Mg as the second light emitter, a lower 
portion of emission intensity in an intermediate region (470-500 nm) between blue and green colors on an emission 
spectrum can be narrowed and thereby the object of the present invention to heighten a color rendering property can 
be attained, leading to the completion of the present invention. 

[0022] Accordingly, a still further aspect of the present invention is to provide a light emitting device comprising a 
35 first light emitter emitting light of 350-415 nm and a second light emitter emitting visible light by exposure to the light 
from the first light emitter, said second light emitter comprising a phosphor comprising a crystal phase having the 
chemical composition of the formula [4]: 

40 Eu 0 M 8 p (P0 4 ) q (B0 3 ) 2 . q Zr [4] 

(wherein, M 8 represents a metal element which contains Ca and 80 mol% or greater of which is composed of at 
least one element selected from the group consisting of Ca and Mg; Z represents an anionic group other than Pol- 
and B0 3 3 -; o stands for a number satisfying 0.003<o<2.1 , p stands for a number satisfying 2.7<(o+p)<3.3, q stands for 
45 a number satisfying 1 .2<q<2 and r stands for a number satisfying 0<r<0. 1 ). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

50 

FIG. 1 is an X-ray diffraction pattern (in terms of an X-ray source Cu Ka) of Sr 5 (P0 4 ) 3 CI. 

FIG. 2 is a schematic perspective view illustrating one example of a light emitting device in which a phosphor in 
the film form is brought into contact with a vertical cavity surface emitting GaN diode. 

FIG. 3 is a schematic cross-sectional view illustrating one example of a light emitting device of the present invention . 
55 fig. 4 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 1 of the present invention. 

FIG. 5 illustrates, in one diagram, emission spectra of phosphors of Example 1 of the present invention, Compar- 
ative Example 1 and Comparative Example 2 each exposed to a GaN light emitting diode having an emission 
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wavelength of 400 nm. 

FIG. 6 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 2 of the present invention. 
FIG. 7 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 3 of the present invention. 
FIG. 8 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 4 of the present invention. 
5 FIG. 9 is a schematic cross-sectional view illustrating one example of a vertical cavity surface emitting illuminator 

of the present invention. 

FIG. 1 0 is an X-ray diffraction pattern (X-ray source: CuK a) of the phosphor of Example 5 of the present invention. 

FIG. 11 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 6 of the present invention. 

FIG. 12 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 7 of the present invention. 
10 FIG. 13 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 8 of the present invention. 

FIG. 14 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 9 of the present invention. 

FIG. 15 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor of Example 1 0 of the present invention. 

FIG. 16 is a spectrum l ref (X) measured after a reflector is attached to a spectrophotometer. 

FIG. 17 is a spectrum I (X) measured after a sample whose quantum absorption efficiency a q and internal quantum 
15 efficiency r\ x are to be measured is attached to a spectrophotometer. 

FIG. 18 illustrates the relationship between x of Sr (5 . x) Eu x (P0 4 ) 3 CI and emission intensity upon excitation at each 

of 254 nm and 400 nm. 

FIG. 19 illustrates the relationship between x of Ca (5 . x) Eu x (P0 4 ) 3 CI and emission intensity upon excitation at each 
of 254 nm and 400 nm, 

20 FIG. 20 is an X-ray diffraction pattern (in terms of X-ray source Cu Ka) of BaMgAI 10 O 17 . 

FIG. 21 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor obtained in Example 20 of the present 
invention. 

FIG. 22 illustrates the relationship between x of Ba (1 _ x) Eu x MgAI 10 O 17 and emission intensity upon excitation at 
each of 254 nm and 400 nm. 

25 FIG. 23 illustrates the relationship between Eu-Eu mean distance of Ba (1 . x) Eu x MgAI 10 O 17 and emission intensity 

upon excitation at each of 254 nm and 400 nm. 

FIG. 24 is an X-ray diffraction pattern (in terms of X-ray source Cu Ka) of Ba 3 MgSi 2 0 8 . 
FIG. 25 is an X-ray diffraction pattern (in terms of X-ray source Cu Ka) of Sr 3 MgSi 2 0 8 . 
FIG. 26 illustrates an X-ray diffraction pattern (in terms of X-ray source Cu Ka) of Ca 3 MgSi 2 0 8 . 
30 FIG. 27 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor obtained in Example 25; 

FIG. 28 illustrates an emission spectrum when a GaN light emitting diode having an emission wavelength of 400 
nm is used in combination with the phosphor of Example 2 of the present invention or the phosphor of Comparative 
Example 4. 

FIG. 29 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor obtained in Example 26; 
35 FIG. 30 illustrates the relationship between x of Ba (1 . x) Eu x MgSi 2 O a and emission intensity upon excitation at each 

of 254 nm and 400 nm. 

FIG. 31 is an X-ray diffraction pattern (in terms of X-ray source Cu Ka) of Ca 3 Mg 3 (P0 4 ) 4 . 
FIG. 32 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor obtained in Example 37. 
FIG. 33 illustrates, in one diagram, emission spectra of the phosphors of Example 37 and Comparative Example 
40 6, each exposed to a GaN light emitting diode having an emission wavelength of 400 nm. 

FIG. 34 is an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor obtained in Example 38; 
FIG. 35 illustrates an X-ray diffraction pattern (X-ray source: Cu Ka) of the phosphor obtained in Example 40. 
FIG. 36 illustrates the relationship between x of Eu x Ca (1 5 _ 0 .s x) Mg (1 5 _ 0 5x) (P0 4 ) 2 and emission intensity upon ex- 
citation at each of 254 nm and 400 nm. 

[0024] In these diagrams, indicated at numeral 1 is a second phosphor, 2 a vertical cavity surface emitting GaN LED, 
3 a substrate, 4 a light emitting device, 5 a mount lead, 6 an inner lead, 7 a first light emitter (light emitter of from 350 
to 415 nm), 8 a resin portion having the phosphor of the present invention incorporated therein, 9 a conductive wire, 
and 10 a molding member. 

BEST MODE FOR CARRYING OUT THE INVENTION 



45 



50 



[0025] The present invention provides a light emitting device comprising a first light emitter emitting light of 350-41 5 
nm and a second light emitter containing a phosphor, wherein the phosphor contained in the second light emitter 
55 satisfies any one of the following conditions (i) to (iv): 

(i) the phosphor comprises: 
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(a) a crystal phase whose Eu concentration providing the maximum emission intensity at any one of excitation 
wavelengths of from 350 to 415 nm is higher than that providing the maximum emission intensity at an excitation 
wavelength of 254 nm; and 

(b) a crystal phase which is activated by Eu having at least 1 .1 times the concentration providing the maximum 
s emission intensity at an excitation wavelength of 254 nm and 0.5 to 9 times the concentration providing the 

maximum emission intensity at an excitation frequency of 400 nm: 

(ii) the phosphor comprises a crystal phase having an Eu-Eu mean distance, as calculated from the Eu concen- 
tration in a crystal matrix, of 4A or greater but not greater than 11 A: 
w (jjj) the phosphor has a quantum absorption efficiency <x q of 0.8 or greater: 

(iv) the phosphor has a product a q T|j of a quantum absorption efficiency ot q and an internal quantum efficiency rij 
of 0.55 or greater. 

[0026] The phosphor to be used for the second light emitter in the invention preferably has an Eu-activated crystal 
15 phase. 

[0027] Under the above-described condition (i), both the conditions (a) and (b) must be satisfied simultaneously. 
[0028] (a) The crystal phase is a crystal phase in which the Eu concentration providing the maximum emission in- 
tensity at any excitation wavelength of 350-41 5 nm, especially 390 to 41 0 nm, moreover 400 nm is higher than the Eu 
concentration providing the maximum emission intensity at an excitation wavelength of 254 nm. 

20 [0029] This condition must be satisfied because since the excitation at wavelength of 254 nm means excitation by 
light having a relatively short wavelength, light emission occurs by excitation of a crystal matrix and transmission of 
the resulting energy to Eu, while since light of 350-415 nm is presumed to pass through the crystal matrix and excite 
Eu directly, the concentration of Eu must be raised to attain a sufficient absorption efficiency and, in turn, a high emission 
intensity at an excitation wavelength of 350-415 nm. 

25 [0030] (b) The Eu concentration of the crystal phase is at least 1 .1 times the Eu concentration providing the maximum 
emission intensity at an excitation wavelength of 254 nm and is activated by Eu having a concentration of 0.5 to 9 
times the Eu concentration providing the maximum emission intensity at 400 nm. 

[0031] When the Eu concentration is lower than 1 .1 times the Eu concentration providing the maximum intensity at 
an excitation wavelength of 254 nm, sufficient emission intensity is not available because of a low absorption efficiency. 
30 in view of emission intensity and the like, the lower limit of the Eu concentration in the crystal phase is preferably at 
least 0.7 time the Eu concentration providing the maximum emission intensity at 400 nm, while the upper limit is pref- 
erably 6 times or less, more preferably 2.5 times or less, especially preferably 2 times or less the Eu concentration 
providing the maximum emission intensity at 400 nm. 

[0032] The Eu concentration providing the maximum emission intensity can be determined from a ratio of the number 
35 of sites actually substituted by Eu to the number of all the sites substitutable by Eu in the crystal matrix. The ratio is 
determined in the following manner. 

[0033] First, the emission intensity of a phosphor sample varied in the EU concentration by 0.1 between 0.1 to 1 
provided that the number of all the sites is 1 is measured and a ratio A of Eu providing the maximum emission intensity 
is determined. Then, the emission intensity of a phosphor sample varied in the Eu concentration by 0.01 within a range 

40 of A ± 0.09 is measured and a ratio B providing the maximum emission intensity is determined. When B falls within a 
range of from 0.01 to 0.1 , the emission intensity of a phosphor sample varied in Eu concentrations by 0.001 within B 
+ 0.09 is measured and a ratio C of Eu providing the maximum emission intensity is determined. A ratio of Eu providing 
the maximum emission intensity which ratio has been determined in the final stage of these operations is regarded as 
an Eu ratio providing the maximum emission intensity in the present invention and from this value, the Eu concentration 

45 providing the maximum emission intensity is determined. Described specifically, when the substitutable molar number 
of Eu in the crystal matrix is 3, the Eu concentration providing the maximum emission intensity is obtained by multiplying 
the Eu ratio providing the maximum emission intensity by 3. The ratio of Eu not greater than 0.1 is divided by narrower 
intervals because when there is a peak of the Eu concentration providing the maximum emission intensity in the vicinity, 
a change ratio of the emission intensity relative to the Eu concentration tends to be large. 

50 [0034] In the above-described condition (ii), the Eu-Eu mean distance calculated from the Eu concentration in the 
crystal matrix of the crystal phase to be used in the present invention is 4A or greater but not greater than 11 A. In 
consideration of the emission intensity, the lower limit is preferably 5A, more preferably 6.5A, while the upper limit is 
preferably 1 0.5A. The Eu-Eu mean distance is calculated by dividing the number of Eu(s) in the unit lattice of the crystal 
matrix by the volume of the unit lattice and then raising the reciprocal of the quotient to the 1/3rd power. 

55 [0035] When the Eu-Eu mean distance is too short, a phenomenon called concentration quenching occurs, leading 
to a lowering tendency of the emission intensity. Even if the Eu-Eu mean distance is too long, on the other hand, there 
is also a lowering tendency of the emission intensity because of deterioration in an absorption efficiency, by the phos- 
phor, of the excited light from the first light emitter. 
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[0036] Under the above-described condition (iii), the quantum absorption efficiency oc q of the phosphor to be used 
in the present invention is 0.8 or greater. From the viewpoint of emission intensity, the efficiency is preferably 0.9 or 
greater, more preferably 0.95 or greater. The upper limit of the possible quantum absorption efficiency a q is substantially 

5 [0037] When the phosphorsatisfies the above-described condition (iii), the numberof photons, amongthose released 
from the first light emitter, capable of causing elementary excitation in the phosphor increases, resulting in an increase 
in the number of photons released from the phosphor per unit time. In short, a light emitting device having a high 
emission intensity can be obtained. The term "elementary excitation" as used herein means energy excitation owing 
to a change of the spin state of Eu (which is usually called "emission center excitation"), energy excitation caused by 

10 a change in the average number of electrons having an existence probability in the vicinity of each ion (usually called 
"CT excitation"), and energy excitation owing to band-to-band transition of electrons (usually called "band excitation"). 
[0038] Under the above-described condition (iv), the product ©t q -r|j of a quantum absorption efficiency a q and an 
internal quantum efficiency T|j, of the phosphor to be used in the present invention is 0.55 or greater, preferably 0.6 or 
greater, more preferably 0.65 or greater. 

15 [0039] Substantially, the possible upper limit of a q is 1 , while the possible upper limit of r\ { is 0.99. When the phosphor 
satisfies the above-described condition (iv) : a q and usually fall within a range of 0.55<a q <1 and 0.55<Tjj<0.99, re- 
spectively. When the phosphor satisfies the above-described condition (iv), a proportion of the elementary excitations 
which will cause photon formation among those caused by photons released from the first light emitter increases, 
resulting in a rise of the number of photons released from the phosphor per unit time. In short, a light emitting device 

20 having high emission intensity can be obtained. 

[0040] An increase in the quantum absorption efficiency a q itself is expected to heighten luminance because it usually 
leads to a rise in the number of photons from the excitation light source introduced into a sample. In practice, however, 
an attempt to increase Oq by heightening the concentration of Eu or the like serving as an emission center did not lead 
to sufficient emission intensity, because prior to the arrival of photons to the final photoluminescence step, a probability 

25 to change the energy to phonon excitation in the sample crystal increased. 

[0041] It has been found, however, that particularly when 350-415 nm is selected as the wavelength of the excitation 
light source and a phosphor having a high quantum absorption efficiency a q is employed as the second light emitter 
of the light emitting device, the above-described non-photoluminescence step is suppressed and a light emitting device 
with high emission intensity can be actualized. 

[0042] It has also been found that use of the second light emitter containing a phosphor high in both a q and a q -T|j 
and the first light emitter having a wavelength of 350-41 5 nm in combination makes it possible to provide a light emitting 
device having more preferred properties. 

[0043] A method for determining the quantum absorption efficiency oc q and internal quantum efficiency ^ will next 
be described. 

35 [0044] A phosphor sample to be measured which is in the form of powder or the like is filled in a cell while flattening 
the surface of the sample sufficiently to keep measurement accuracy and the cell is attached to a spectrophotometer 
equipped with an integrating sphere or the like. The spectrophotometer which can be used here is, for example, 
"MCPD2000", product of Otsuka Electronics. The integrating sphere is used here in order to count all the photons 
reflected by the sample and those released from the sample by photoluminescence, in other words, in order to prevent 

40 photons from scattering out of the measurement system and slipping out from the measurement data. The spectro- 
photometer is then installed with a light source for exciting the phosphor. 

[0045] As this light source, a Xe lamp can be employed for example and its emission peak wavelength is adjusted 
to 400 nm by using a filter or the like. The sample to be measured is exposed to light from the light source having a 
wavelength peak adjusted at 400 nm and emission spectrum of the sample is measured. The spectrum thus measured 

45 includes, as well as the photons released from the sample by photoluminescence using light from an excitation light 
source (which will hereinafter be called "excitation light" simply), photons originated from the reflection of an excitation 
light by the sample. The absorption efficiency oc q is a quotient obtained by dividing the number of photons N abs of the 
excitation light absorbed by the sample by the total number of photons N of the excitation light. The latter total number 
N of photons of the excitation light js determined in the following manner. First, a substance having substantially 1 00% 

50 of reflectance R to the excitation light, for example, a reflector such as "Spectralon" (product of Labsphere having 98% 
of reflectance to the excitation light of 400 nm) is attached to the spectrophotometer as an object to be measured and 
its reflection spectrum l ref (X) is measured. The numeral determined from this reflection spectrum l ref (X) in accordance 
with the (Formula 1) is in proportion to N. 



30 



55 



X-\ ref (X)4X (Formula 1) 

[0046] In the above-described formula, the integral interval may be an interval in which l ref (X) has a substantially 
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significant value. One example of \ tef (X) is shown in FIG. 16 and in this case, a range of from 380 nm to 420 nm is 
sufficient as the interval. The former Nabs is in proportion to the amount determined in accordance with the (Formula 2). 

5 ^ AM ref (A.)dX - J X-\(X)6X (Formula 2) 

[0047] In the above-descried formula, \(X) is a reflection spectrum when a sample is attached, to measure its a q . 
The integral range of (Formula 2) is made equal to that defined for (Formula 1). By thus defining the integral range, 
the second term of (Formula 2) corresponds to the number of photons generated by the reflection of excitation light 
10 by the sample, that is, the number of photons obtained by subtracting, from the total number of photons generated 
from the sample, photons generated by the excitation light through photoluminescence. In practice, the spectrum is 
obtained as digital data divided by some finite bandwidths relating to X so that the integral of (Formula 1) and (Formula 
2) is determined by a finite sum based on the bandwidths. This leads to the following equation: 

15 

a q = N^/N = (Formula 2)/ (Formula 1) 

[0048] A method for determining the internal quantum efficiency will next be described. The internal quantum 
efficiency T|j is a quotient obtained by dividing the number of photons N PL generated by photoluminescence by the 
20 number of photons absorbed by the sample. 

[0049] The N PL is in proportion to an amount determined by (Formula 3): 

J XA (X) 6X (Formula 3) 

25 

[0050] In this formula, an integral interval is limited to a wavelength region of photons generated from the sample by 
photoluminescence, whereby contribution of the photons reflected by the sample is removed from I (A,). More specifically, 
concerning the lower limit of the integral of (Formula 3), the upper end of the integral of (Formula 1 ) is omitted and a 
region appropriate for including the spectrum derived from photoluminescence is used as the upper end. FIG. 1 7 is an 
30 example of l(A.). In this case, the integral region for (Formula 3) may be from 420 nm to 520 nm. In such a manner, T|j 
can be determined from the following equation T|j = (Formula 3) / (Formula 2). 

[0051] Integration of spectrum obtained as digital data can be performed in a similar manner to that employed for 
the determination of a q . 

[0052] In the present invention, either a divalent Eu or trivalent Eu can be used as an activator Eu, but they are 
35 different in the transition process of light emission. The divalent Eu tends to be excited by ultraviolet light having a 
longer wavelength so that divalent Eu is preferred. In the present invention, the term "Eu concentration" means the Eu 
concentration determined by the number of divalent Eu(s). When a phosphor contains both the divalent Eu(s) and 
trivalent Eu(s), the Eu concentration is determined by the number of divalent Eu(s). 

[0053] In the light emitting device of the present invention, the second light emitter is required to contain a phosphor 
40 capable of satisfying any one of the above-described conditions (i) to (iv). Incorporation of a phosphor capable of 
satisfying the conditions 1 and 3 is however particularly preferred, because it enables manufacture of a light emitting 
device having a higher emission intensity. 

[0054] Although no particular limitation is imposed on the materials constituting the phosphor insofar as the phosphor 
satisfies any one of the above-described conditions, the materials having a crystal phase are preferred. It is more 

45 preferred to select the materials from those having a crystal phase having the chemical composition of the below- 
described formulas [1] to [4] (which may be called "crystal phases of the formulas [1] to [4], simply). The desired 
phosphor tends to be available by selecting the preferred crystal phase from those of the formulas [1] to [4]. The 
phosphor may comprise, as a component other than the crystal phase, a light scattering substance and the like within 
an extent not impairing its performance. 

so [0055] The phosphor contains the crystal phase usually in an amount of 1 0 wt.% or greater, preferably 50 wt.% or 
greater, more preferably 80 wt.% or greater. 

[0056] In a light emitting device having a first light emitter emitting light of 350-415 nm and a second light emitter 
emitting visible light by exposure to the light from the first light emitter, the light emitting device of the present invention 
having the second light emitter containing a phosphor having any one of the crystal phases of the formulas [1] to [4] 
55 is novel and has emission intensity superior to that of the conventional light emitting device. 

[0057] A description will next be made of the crystal phases represented by the formulas [1] to [4]: 
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<Mode 1> 
[0058] 

Eu aSr b M 1 5 . a . b (P0 4 ) c X d [1] 

[0059] M 1 s each represents a metal element other than Eu and Sr. In view of emission intensity and the like, it is 
preferred to adjust the total amount of Ba, Mg, Ca, Zn and Mn in M 1 s to 70 mol% or greater. It is more preferred to 
to adjust the total amount of Ba, Mg and Ca in M 1 s to 70 mol% or greater. It is still more preferred to adjust the total 
amount of Ba, Mg and Ca in M 1 s to 90 mol% or greater. It is still more preferred that M 1 s are all composed of at least 
one element selected from the group consisting of Ba, Mg, Ca, Zn and Mn and it is most preferred that M 1 s are all 
composed of at least one element selected from the group consisting of Ba, Mg and Ca. 

[0060] When a metal element other than the above-described ones is incorporated as M 1 , it is desired to add a metal 
15 element having an equal valence number to Sr or these 5 metal elements (Ba, Mg, Ca, Zn and Mn), that is, divalent 
metal element to facilitate the maintenance of the crystal structure. A small amount of a monovalent, trivalent, tetrav- 
alent, pentavalent or hexavalent metal element may be introduced for the purpose of accelerating crystallization of a 
complex oxide caused by the diffusion, in solid, of the divalent metal element and emission center Eu 2+ upon sintering. 
In one example, a portion of Sr 2+ in an Sr 5 (P0 4 ) 3 CI:Eu phosphor can be substituted with an equimolar amount of Li + 
20 and Ga 3+ while maintaining charge compensation effects. It may also possible to substitute with a metal element which 
will serve as a sensitizer. 

[0061 ] X represents a monovalent anionic group other than P0 4 . Examples of such an anionic group include halogen 
ions and hydroxyl ion (OH"). The halogen ions include Ch, P and Br, of which CI" is preferred. In view of emission 
intensity and the like, preferably 50 mol% or greater, more preferably 70 mol% or greater, especially preferably 90 
25 mol% or greater of X is composed of halogen ions. 

[0062] When 50 mol% or greater of X is composed of halogen ions, the remaining anionic groups may contain a 
hydroxyl ion and the like. In the most preferred mode, 50 mol% or greater, especially 70 mol% or greater, still more 
preferably 90 mol% or greater of X is composed of CI". In this case, other halogen ions and a hydroxyl ion can be used 
as the remaining group. 

30 [0063] In the formula [1], a molar ratio a of Eu is a number greater than 0 and satisfies a+b<5. When a+b=5, the 
crystal phase of the formula [1] does not contain M 1 . More specifically, a usually satisfies 0<a<5, usually a>0.0001 , 
preferably a>0.001 , more preferably a>0.005. In view of emission intensity and the like, a usually satisfies a>0.1 , pref- 
erably a>0.2 : more preferably a>0.2 : still more preferably a>0.3, especially preferably a>0.4, still more preferably 
a>0.45. 

35 [0064] When the molar ratio a of Eu 2+ as an emission center ion is too small, the emission intensity tends to lower. 
When it is too large, on the other hand : the emission intensity also tends to lower owing to a phenomenon called 
concentration quenching. Therefore, a usually satisfies a<4.8, preferably a<3, more preferably a<2.5, especially pref- 
erably a<2, most preferably a<1 .5. 

[0065] In addition, use of a satisfying a>0.2, moreover a>0.3 is especially preferred in order to obtain a light emitting 
40 device composed of a second light emitter having a phosphor satisfying the above-described condition 3 and/or 4. 

[0066] In the formula [1], the molar ratio b of Sr is 0 or greater, preferably greater than 0 and satisfies a+b<5. More 
specifically, b satisfies 0<b<5, preferably 0<b<5. Usually b is adjusted to fall within the following range: b>0.01, pref- 
erably b>0.1 , more preferably b>0.2. In view of emission intensity and the like, it is most preferred to adjust b to fall 
within the following range: b>3, especially b>4. In the crystal phase composed principally of (Sr,Ba,Ca) 5 (P0 4 ) 3 CI:Eu 2+ , 
45 the molar ratio of Sr is not narrowly limited. In the present invention, adoption of a relatively large number with b<5 as 
an upper limit makes it possible to attain a remarkably high emission intensity. When the molar ratio of Sr is smaller, 
in other words, b stands for a smaller number, especially 0, the raw material cost can be reduced. A smaller molar ratio 
of Sr is therefore preferred. In particular, adjustment of the molar ratio of Ca to 50 mol% or greater while decreasing 
(b) is preferred. In this case, a relatively high emission intensity can also be attained. 
so [0067] In the formula [1], sufficient emission intensity can be attained by satisfying either one of a>0.1 and b>3, in 
addition to the above- described conditions for a and b. Accordingly, it is not always necessary to satisfy both of these 
conditions simultaneously if one of a and b satisfies the above-described equation. 

[0068] Preferred examples of the combination of a and b include (1 ) a>0.1 and b>0.01 , (2) a>0.1 and b>0.1 , (3) a>0.1 
and b>0.2, (4) a>0.2 and b>0.01 , (5) a>0.2 and b>0.1, (6) 0.0001<a and b>3, (7) 0.001<a and b>3, (8) 0.005<a and 
5 ^ b>3, (9) 0.0001 <a and b>4, (10) 0.001 <a and b>4, and (11) 0.005< a and b>4. 

[0069] In the present invention, it is especially preferred to satisfy both a>0.1 and b>3 in orderto attain higher emission 
intensity. Example of the combination of a and b preferred from this viewpoint include (1) a>0.1 and b>3, (2) a>0.1 and 
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b>4, (3) a>0.2 and b>3, (4) a>0.2 and b>4. The emission intensity can be increased by satisfying both a>0.2 and b>3. 
[0070] Examples of the combination of a and b preferred in this viewpoint include (1) a>0.2 and b>3, (2) a>0.2 and 
b>4, (3) a>0.3 and b>3, (4) a>0.3 and b>4, (5) a>0.4 and b>3, (6) a>0.4 and b>4, (7) a>0.45 and b>3, and (8) a>0.45 
and b>4. 

5 [0071] The c is a number satisfying c>2.7, preferably c>2.8, more preferably c>2.9 and c<3.3, preferably c< 3.2 : more 
preferably c<3.i. When these upper and lower limits are combined, c is preferably 2.7<c<3.3, more preferably 
2.8<c<3.2, more preferably 2.9<c^3.1. 

[0072] The d stands for a number satisfying d>0.9, preferably d>0.93, more preferably d>0.95 and d<1 .1 , preferably 
d<1.07, more preferably d<1.05. When these upper and lower limits are combined, d is 0.9<d<1,1, preferably 
10 0.93<d<1 .07, more preferably 0.95<d<1 .05. 

[0073] In the principal crystal of the formula [1]: Eu a Sr b M 1 5 . a ^(P0 4 ) c X d , generation of some crystal defects has little 
Influence on the intended fluorescence performance of the present invention so that it can be used within the above- 
described ranges of the inequalities for a, b, c and d. 

[0074] In general, A 5 (P0 4 ) 3 CI (A representing an alkaline earth metal) has a hexagonal crystal structure and its 
15 space group is P6 3 /m. 

[0075] The crystal phase of the formula [1] has a crystal structure of A 5 (P0 4 ) 3 CI as described above. A typical X- 
ray diffraction pattern (from powder X-ray diffraction data base) of Sr 5 (P0 4 ) 3 CI is shown in FIG. 1 . The Sr site of Sr 5 
(P0 4 ) 3 CI can be substituted with a divalent metal such as Ba, Mg, Ca, Zn or Mn within a broad composition range. It 
can also be substituted with a metal having a different valence such as Na or La if its amount is small. Its CI site can 
20 be substituted with an anionic species such as F, Br or OH without changing the structure. The crystal phase in the 
present invention corresponds to that having as a matrix a substituted product using Sr as a cationic species and the 
cation site substituted with Eu 2+ as an activator. 

[0076] The phosphor containing the crystal phase of the formula [1] is excited by light of 350-410 nm from the first 
light emitter and generates visible light having very high emission intensity. 
25 [0077] In particular, the second light emitter containing the phosphor satisfying the above-described conditions (iii) 
and/or (iv) tends to be available by selecting a preferable phosphor, as that to be incorporated in the second light 
emitter, from the phosphors of the formula [1]. 

<Mode 2> 

30 

[0078] 

M^e-ex)M 2, exEu f M 3 (g ^ ) M 3 ' gy M 4 (h . h2) M 4, hz O | [2] 

35 

[0079] M 2 represents at least one element selected from the group consisting of Ba, Sr and Ca. 
[0080] The cation M 2 ' substituted at the site M 2 is a monovalent metal element or a divalent one having a relatively 
large ion radius. It represents a monovalent metal element or a divalent metal element (except Ba, Sr, Ca and Eu) 
having a radius of 0.92A or greater in the divalent form upon coordination number 6. Specific examples include K, Sm, 

40 pb and Na. The coordination number of oxygen is 6 in M 2 and M 3 sites, so that in the present invention, M 2 ' and M 3 ' 
are distinguished therefrom by the cationic radius of the divalent metal element upon coordination number 6. 
[0081] In view of emission intensity and the like, a ratio of the total amount of Ba, Sr and Ca in the sum of M 2 and 
M 2 ' is preferably adjusted to 80 mol% or greater. It is more preferred that a ratio of Ba in the sum of M 2 and M 2 ' is 30 
mol% or greater and at the same time, a ratio of Sr or Ca in the sum of M 2 and M 2 ' is 20 mol% or greater. 

45 [0082] M 3 represents at least one element selected from the group consisting of Mg and Zn. 

[0083] The cation M 3 ' substituted at the site M 3 is a relatively small divalent cation. It represents a divalent metal 
element (except Mg and Zn) having a radius less than 0.92 A in the divalent form upon coordination number 6. Specific 
examples include Zn, Mn, V and Zr. 

[0084] In view of emission intensity and the like, a ratio of the total amount of Mg and Zn in the sum of M 3 and M 3 ' 
50 is preferably adjusted to 80 mo!% or greater. 

[0085] M 4 represents at least one element selected from the group consisting of Al, Ga and Sc } preferably Al. 
[0086] M 4 ' represents atrivalent metal element (except Al, Ga and Sc) and specific examples of it include Y, In and Lu. 
[0087] In view of emission intensity and the like, a ratio of Al in the sum of elements M 4 and M 4 ' is preferably adjusted 
to 80 mol% or greater. 

55 [0088] For the purpose of accelerating crystallization of a complex oxide caused by the diffusion, in solid, of the 
divalent or trivalent metal element and emission center Eu 2+ upon sintering, a monovalent, trivalent, tetravalent, pen- 
tavalent or hexavalent metal element as M 2 ' and M 3 ' and a monovalent, divalent, tetravalent, pentavalent or hexavalent 
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metal element as M 4 ' may be introduced in a small amount within an extent not impairing the advantage of the present 
invention. 

[0089] I n one example, a portion of Ba 2 + in a BaMgAI 10 O 7 : Eu phosphor can be substituted with an equimolar amount 

of Li + and Ga 3+ while maintaining charge compensation effects. In order to control emission wavelength or emission 
5 intensity, it may be substituted with a metal element such as Mn which will serve as a sensitizer. 

[0090] The molar ratio f of Eu in the formula [2] is a number satisfying f>0.1 1 , preferably f>0.1 5 and f<0.99, preferably 

f<0.65. When the molar ratio f of Eu 2+ which is an emission center ion is too small, the emission intensity tends to 

become smaller. When f is too large, on the other hand, the emission intensity also tends to decrease owing to a 

phenomenon called concentration quenching. 
10 [0091] The e stands for a number satisfying (e+f)>0.9, preferably (e+f)>0.95, more preferably (e+f)>0.98 and (e+f) 

<1 . 1 , preferably (e+f)<1 .05, more preferably (e+f)<1 .02. 

[0092] The g stands for a number satisfying g>0.9 and g<1 .1 . 

[0093] The h stands for a number satisfying h>9 and h<1 1 . 

[0094] The i stands for a number satisfying i>15.3 and i<1 8.7. 
15 [0095] The x stands for a number satisfying x>0 and x<0.2, preferably x<0.1 , more preferably x<0.05, of which x=1 

is especially preferred. 

[0096] They stands for a number satisfying y>0 and y<0.2, preferably y<0.1 , more preferably y< 0.05, of which y=0 
is especially preferred. It is most preferred that x and y each stands for 0. 

[0097] The z stands for a number satisfying z>0 and z<0.2, preferably z<0.1 , more preferably z<0.05 ; of which z=0 
20 is especially preferred. 

[0098] In the principal crystal M 2 e Eu f M 3 g M 4 h Oj of the above-described formula [2], existence of some cation defi- 
ciencies or oxygen deficiencies has less influence on the intended fluorescence performance of the present invention 
so that it can be used within the above-described ranges of the inequalities for (e+f), g, h and i. 
[0099] In genera!, the crystal of BaMgAI 10 O 17 has a hexagonal system and its space group is P6 3 /mmc. 

25 [0100] The crystal structure represented by the formula [2] is usually the above-described BaMgAI 10 O 17 structure. 
In FIG. 20, a typical X-ray diffraction pattern (from Powder X-ray Diffraction Data Base) of BaMgAI 10 O 17 . In (Ba, Sr, 
Ca) (Mg, Zn)AI 10 O 17 , Ba 2+ , Sr 24 , or Ca 2+ is located in an intermediate layer sandwiched between spinnel blocks made 
of Al 3+ and O 2 ", while Mg 2+ or 2n 2+ is located at a substituted position of the Al 3+ . The coordination number of oxygen 
around Ba 2+ site and Mg 2+ site is six. A divalent metal element such as Ba, Sr and Ca can form a solid solution with 

30 the Ba 2 + site within a broad composition range. The Ba 2+ site may be substituted with a divalent metal element other 
than B, Sr or Ca in such a manner if its amount is small because it does not adversely affect the emission intensity. 
[0101] A trivalent metal such as Ga and B can form a solid solution with the Al 3+ site within a specific composition 
range. The Al 3+ site can be substituted with a trivalent metal such as Ga or B in such a manner if its amount is small, 
because it does not adversely affect the emission intensity. 

35 [0102] In the present invention, the crystal phase corresponds to a substance having such a substituted product as 
a matrix and Eu 2+ as an activator and moreover, having a markedly increased Eu 2+ amount. 

[0103] The phosphor containing the crystal phase of the formula [2] is excited by light of 350-41 0 nm from the first 
light emitter and generates visible light with remarkably high emission intensity. 

[0104] The second light emitter containing the phosphor with the crystal phase satisfying the above-described con- 
40 ditions (i) and/or (ii) tends to be available by selecting the crystal phase, as a crystal phase to be incorporated in the 
second light emitter, from the crystal phases of the formula [2]. 

[0105] Described specifically, the crystal phase of BaMgAI 10 O 17 is known and it is known that jts Ba site can be 
substituted with the other divalent metal element such as Ca, Sr or Eu 2+ and its Mg site can be substituted with the 
other divalent metal element such as Zn. A substance having BaMg 2 AI 16 0 27 as a chemical composition and substituted 

45 with Eu 2+ is also known. A phosphor having a crystal phase of Ba^E^MgALjoO^, for example, the former one and 
that having a crystal phase Ba 1 _ x Eu x Mg 2 AI 16 0 27> for example, the latter one can be used as a blue light emitting 
phosphor of a fluorescent lamp and it makes use of light emission, excited by short ultraviolet rays at Hg resonance 
line at 254 nm. When the molar ratio of Eu to Mg is 0.1 or less, the emission intensity of these crystal phases is very 
high. {For example, a description on Ba rx Eu x Mg 2 AI 16 0 27 can be found on page 418 of Phosphor Handbook (Ed. by 

50 s. Shionoya and W.M. Yen, CRC Press, 1999), while a suggestion on Ba^E^MgAI-joO^ can be found on page 55 
of the dissertation "Development of phosphor by using aluminates of an alkaline earth metal" (written by Takayuki 
Hisamune, 2000)}. Concerning a Ba 1 . x Eu x MgAI 10 O 17 single phase system which can be manufactured by an easy 
process, very intense blue light emission cannot be obtained even by exposing such a commercially available 
Ba a9 Eu 0 _ 1 MgAI 10 O 17 system to light of 350-415 nm from a GaN LED. 

55 [0106] Finding that when the Eu concentration of Ba 1 . x Eu x MgAI 10 O 17 is adjusted to exceed 0.1 , different from the 
Eu molar ratio = 0.05 to 0.1 which is an Eu concentration adopted for a fluorescent lamp, very intense blue light emission 
is available upon light excitation at 350-415 nm, the present inventors have completed the present invention. The 
present invention is based on the finding that compared with blue light emitting BaMgAl 10 O 17 :Eu having Eu at a molar 
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ratio of from 0.05 to 0.1 or yellow light emitting Y 3 Ai 5 0 12 :Ce, the above-described phosphor displays a particularly high 
emission intensity by light excitation at around 400 nm. 

<Mode 3> 

5 

[0107] 

M 5 j Eu k M 6 ,M 7 m O n [3] 

10 

[0108] M 5 s represent metal elements comprising at least one element selected from the group consisting of Ba, Sr 
and Ca in a total amount of 90 mol% or greater, preferably 95 mol% or greater. It is preferred that all of M 5 s are at least 
one element selected from the group consisting of Ba, Sr and Ca. As a result, higher emission intensity can be attained. 
[0109] The crystal phase preferably comprises Ba and/or Sr as M 5 , especially preferably Ba. When Ba is incorporated, 
*5 the molar ratio of Ba to Sr is preferably 0.05 or greater, because it facilitates control of emission wavelength and brings 
higher emission intensity. In this case, the molar ratio of Sr may be 0 (which means an infinite molar ratio of Ba), but 
the molar ratio of Ba is preferably adjusted to not greater than 100 without omitting Sr. 

[01 10] M 6 represents a metal element comprising at least one element selected from the group consisting of Mg and 
Zn in a total amount of 90 mol% or greater, preferably 95 mol% or greater. It is preferred that all the elements of M 6 s 
20 are at least one element selected from the group consisting of Mg and Zn. As a result, higher emission intensity can 
be attained. The crystal phase preferably contains Mg as M 6 . 

[0111] M 7 represents a metal element comprising at least one element selected from the group consisting of Si and 
Ge in a total amount of 90 mol% or greater, preferably 95 mol% or greater, more preferably 97 mol% or greater. It is 
preferred that all the elements of M 7 s are at least one element selected from the group consisting of Si and Ge. As a 

25 result, higher emission intensity can be attained. The crystal phase preferably comprises Si as M 7 . 

[01 12] As a metal element in M 5 , M 6 and M 7 , metal elements other than the above-described ones may be incorpo- 
rated in the crystal with 10 mol%, preferably 5 mo%, more preferably 3 mol% as an upper limit. Although no particular 
limitation is imposed on the metal element, incorporation of divalent, divalent and tetravalent metal elements, that is, 
e j emen ts having a valence number equal to Ba, Mg and Si, respectively is preferred because it facilitates maintenance 

30 of the crystal structure. A small amount of monovalent, trivalent, pentavalent or hexavalent metal element may be 
introduced in the crystal with a view to accelerating crystallization of a complex oxide caused by the diffusion, in solid, 
of divalent and tetravalent metal elements and Eu 2+ serving as an emission center upon sintering. For example, it is 
possible to substitute a portion of Ba 2+ or Mg 2+ in the phosphor of Ba 3 MgSi 2 0 8 :Eu with an equlmolar amount of Li + 
and Ga 2+ while maintaining a charge compensation effect. 

35 [0113] The j stands for a number satisfying j>2.5, preferably j>2.7, more preferably j>2. 8, still more preferably j>2. 9 
and j<3.3, preferably j<3.2, more preferably j<3.1 . 

[0114] The molar ratio k of Eu in the formula [3] stands for a number satisfying k>0.0001 , preferably k>0.001 , more 
preferably k>0.003 and k<1 .0, preferably k<0.5, more preferably k<0.3, still more preferably k<0.1 5 ; especially prefer- 
ably k< 0.1 . When the molar ratio k of Eu 2+ which is an emission center ion is too small, the emission intensity tends 
40 to decrease. 

[0115] When the molar ratio k is too large, on the other hand, there is also a tendency of the emission intensity 
decreasing owing to a phenomenon called concentration quenching. The j and k preferably satisfy 2.7<j+k<3.3 in order 
to obtain a crystal phase with less crystal defects and have higher emission intensity. 

[0116] The 1 stands for a number satisfying 1>0.9, preferably 1>0.93, more preferably 1>0.95 and 1<1 .1 , preferably 
45 1^1.07, more preferably 1^1.05. 

[01 1 7] The m stands for a number satisfying m>1 .8, preferably m>1 .85, more preferably m>1 .9 and m<2.2, preferably 
m^2.15, more preferably m<2.1 . 

[0118] The n stands for a number satisfying n>7.2, preferably n>7.4, more preferably n>7.6, most preferably n>7.8 
and n<8.8, preferably n<8.6, more preferably n<8.4, most preferably n<8.2. 
50 [0119] The j+k, 1, m and n are usually 3, 1, 2 and 8, respectively. They however fall within a permissible range 
embracing these values, because appearance of some cation deficiencies, oxygen deficiencies or interstitial atoms 
has little influence on the fluorescence performance. 

[01 20] The typical crystal structure of the phosphor represented by the formula [3] is a Ba 3 MgSi 2 0 8 , Sr 3 MgSi 2 0 8 or 
Ca 3 MgSi 2 0 8 structure. The Ca 3 MgSi 2 0 8 structure is usually called merwinite. The Ba 3 MgSi 2 O s and Sr 3 MgSi 2 O a struc- 
55 tures are not strictly merwinite but are presumed to be analogous thereto. The Ba 3 MgSi 2 O a and Sr 3 MgSi 2 0 8 structures 
have an orthorhombic system and their lattice constants are about: a=5.5A, b=9.8A and c=7.6A, and a=5.4A, b=9.6A 
and c=7.2A. The Ca 3 MgSi 2 O s has a monoclinic system, has a space group of P21/a, and a lattice constant of: 
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a=13.254A, b=5.293A and c=9.328A. 

[0121] In FIGS. 24, 25 and26, X-ray diffraction patterns of Ba 3 MgSi 2 0 8 , Sr 3 MgSi 2 0 8 and Ca 3 MgSi 2 0 8 (from Powder 
X-ray Diffraction Data base) are shown. Judging from that in these crystal structures, a composition range of divalent 
metals including Ba, Sr and Ca permitting the formation of a solid solution is wide, they have a similar structure. The 
5 crystal phase of the phosphor represented by the formula [3] corresponds to that obtained by substituting a substance 
having a Ba 3 MgSi 2 O s , Sr 3 MgSi 2 0 8 or Ca 3 MgSi 2 O e structure with Eu 2+ as an activator. 

[0122] The crystal phase such as Ba 3 MgSi 2 O s or Sr 3 MgSi 2 O e is known and it is also known that Ba or Sr can be 
substituted with other divalent metal element such as Eu 2+ . The present invention is based on the finding that when a 
phosphor containing a crystal phase having the chemical composition of the formula [3] including the chemical com- 
10 position such as Ba 3 _ x Eu x MgSi 2 0 8 or Sr 3 . x Eu x MgSi 2 O s is exposed to light of 350-415 nm from the first light emitter, it 
emits light having remarkably higher intensity than the other phosphor. The above-described phosphor generates light 
having overwhelmingly high intensity than blue light emitting BaMgAI 10 O 17 :Eu or yellow light emitting Y 3 AI 5 0 12 :Ce. 
[0123] The phosphor containing the crystal phase of the formula [3] is excited by light of 350-41 5 nm from the first 
light emitter and generates visible light having remarkably high emission intensity. 

15 

<Mode 4> 
[0124] 



20 



Eu Q M 8 (P0 4 )_(B0 3 ) 2 _Zr [4] 



[0125] M 8 represents a metal element which has at least one valence but is other than Eu, P and B. From the 
viewpoints of color rendering property, emission intensity and the like, it represents a metal element which contains 

25 Ca and at the same time, contains Ca and Mg in a total amount of 80 mol% or greater. A proportion of Ca in the total 
amount of Ca and Mg contained in M 8 is preferably 40 mol% or greater. It is more preferred that M 8 is at least one 
element selected from the group consisting of Ca and Mg and contains at least 40 mol% of Ca. 
[0126] When a metal element otherthan Ca and Mg is added as M 8 to the crystal, no particular limitation is imposed 
on the kind of the metal element. Addition of a metal element having the same valence with Ca and Mg, that is, a 

30 divalent metal element such as Sr, Zn, Ba, Pb or Sn, preferably Sr, Zn or Ba is however desired, because it facilitates 
the maintenance of the crystal structure. A small amount of a monovalent, trivalent, tetravalent, pentavalent or hexav- 
alent metal element may be introduced as a metal element in M for the purpose of accelerating crystallization of a 
complex oxide caused by the diffusion, in solid, of the divalent metal element and emission center Eu 2+ upon sintering. 
[0127] In one example, a portion of Ca 2+ In an Eu 0 15 Ca 2 85 (P0 4 ) 2 phosphor can be substituted with an equimolar 

35 amount of Li + and Ga 3+ while maintaining charge compensation effects. It may be also possible to substitute it with a 
metal element which will serve as a sensitizer in order to control the emission wavelength or emission intensity. 
[0128] Z represents an anionic group otherthan P0 4 3 ' and B0 3 3 ' and specific examples include hydroxyl ion (OH"), 
metal oxide anions and halogen ions. The metal oxide anions include Si0 4 4 ', Si0 3 2 ", Ti0 3 2 - and Zr0 3 2 -, while the 
halogen ions include P, Cl~, Br and l\ Examples are however not limited thereto. 

40 [0129] The molar ratio o of Eu in the formula [4] is 0.003 or greater, preferably 0.015 or greater in consideration of 
the color rendering property and emission intensity. Its upper limit is 2.1 or less, preferably 1 or less. When the molar 
ratio o of Eu 2+ serving as an emission center ion is too small, the emission intensity tends to lower. 
[0130] When it is too large, on the other hand, the emission intensity also tends to decrease owing to a phenomenon 
called concentration quenching. 

45 [0131] The p is a number satisfying 2.7^(o+p)<3.3. In the principal crystal Eu 0 M 8 p (P0 4 ) a (B0 3 ) 2 _ q Z r of the formula 
[4], the fundamental stoichiometric molar ratio (o+p) when Z is neglected as an impurity is 3. Appearance of some 
cation deficiencies or anion deficiencies has less influence on the intended fluorescence performance of the present 
invention so that (o+p) can be used within the above-described range. 

[0132] The molar ratio q of the P0 4 group stands for a number satisfying 1.2<q<2. From the viewpoints of color 
50 rending property, emission intensity and the like, q is preferably 1 .6 or greater. In the above-described formuia [4], the 

total molar ratio of the P0 4 and B0 3 groups serving as main anions is 2. The existence of the B0 3 group does not 

have a serious adverse effect on the color rendering property, emission intensity and the like. 

[01 33] The molar ratio r of Z which is an anion other than the P0 4 and B0 3 groups is a number satisfying 0<r<0.1 . 

The anion Z may be incorporated in the crystal if its amount is not large enough to adversely affect the intended 
55 fluorescence performance of the present invention. The smaller its content, the better. The r is preferably 0.05 or less. 

[0134] A substance having an orthophosphate A 3 (P0 4 ) 2 (in which A represents an alkaline earth metal) as a crystal 

matrix and activated with Eu 2+ is known as an ordinary phosphor excited at 254 nm. The present invention is however 
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based on the finding that the emission intensity caused by the excitation of light at around 400 nm and the half-width 
of its emission peak differ largely, depending on the kind of the alkaline earth metal A of A 3 (P0 4 ) 2 ; a substance of A 3 
(P0 4 ) 2 :Eu 2+ containing Ca or Ca-Mg complex cation as A emits blue light with high emission intensity, exposed to 
excitation light of 350-415 nm; and a distribution of emission wavelength - emission intensity relating to a great im- 
5 provement in color rendering property is wide, in other words, the half-width is large so that the phosphor can provide 
a high color rendering property. 

[0135] The phosphor to be used in the present invention can be obtained by preparing a pulverized mixture in a dry 
method, more specifically, by pulverizing, in a dry pulverizer such as hammer mill, roll mill, ball mill or jet mill, compounds 
as M 1 source, X source, P0 4 source and Sr source and compounds as an element source for an emission center ion 

10 (Eu) when the phosphor contains the crystal phase of the formula [1], compounds as a M 2 source, M 2 ' source, M 3 
source, M 3 ' source, M 4 source and M 4 ' source and compounds as an element source for an emission center ion (Eu 2+ ) 
when the phosphor contains the crystal phase of the formula [2], compounds as a M 5 source, M 6 source and M 7 source 
and compounds as an element source for an emission center ion (Eu 2+ ) when the phosphor contains the crystal phase 
of the formula [3], or compounds as M 8 source, P0 4 source, B0 3 source and Z source and compounds as an element 

15 source for an emission center ion (Eu 2+ ) when the phosphor contains the crystal phase of the formula [4], and then 
mixing the pulverized product in a mixer such as ribbon blender, twin cylinder mixer or Henschel mixer, or reversing 
the order of mixing and pulverizing; or preparing a pulverized mixture in a wet method, more specifically, by adding 
the corresponding compounds in a medium such as water and pulverizing or mixing the resulting mixture in a wet 
pulverizer such as medium-stirring type pulverizer or pulverizing the corresponding compounds in a dry pulverizer, 

20 mixing the pulverized product with a medium such as water to prepare the corresponding slurry and then drying the 
slurry by spray drying or the like; and then sintering the thus-prepared pulverized mixture by heating. 
[0136] Of these pulverizing and mixing methods, that using a liquid medium is preferred because a compound to be 
added in a small amount such as a compound as an element source for emission center ion must be mixed and 
dispersed uniformly. The latter wet method is preferred also for the compounds as the other element sources, because 

25 it enables preparation of a uniform mixture of them. 

[0137] Heating is performed in a heat-resistant container such as alumina or quartz crucible or tray ordinarily at 700 
to 1 700°C, preferably at 900 to 1500°C in an atmosphere of a single gas such as air, oxygen, carbon monoxide, carbon 
dioxide, nitrogen, hydrogen or argon, or a mixture thereof for 10 minutes to 24 hours. The heating is followed by 
washing, drying and classification as needed. 

30 [0138] Upon heating, atmosphere necessary for obtaining an ion state (number of valence) of the element of an 
emission center ion enough for contributing light emission is selected. When the element is divalent as Eu in the present 
invention, a neutral or reducing atmosphere such as carbon monoxide, nitrogen, hydrogen or argon is preferred, but 
an oxidizing atmosphere such as air or oxygen can also be adopted under properly selected conditions. 
[0139] Examples of the compounds as M 1 to M 8 sources, M 2 to M 4 ' sources, Sr source and Eu source include oxides, 

35 hydroxides, carbonates, nitrates, sulfates, oxalates, carboxylates, halides, hydrogen phosphates and phosphates of 
M 1 to M 8 , M 2 ' to M 4 ', Sr and Eu. 

[0140] Specific examples of the compounds as a Sr source include SrO, Sr(OH) 2 «8H 2 0, SrC0 3 , Sr(N0 3 ) 2 , Sr 
(OCO) 2 .H 2 0, Sr(OCOCH 3 ) 2 .0.5H 2 O and SrCI 2 . 

[0141] Specific examples of the compounds as a Ba source include BaO, Ba(OH) 2 -8H 2 0, BaC0 3 , Ba(N0 3 ) 2 , BaS0 4 , 
40 Ba(OCO) 2 -2H 2 0, Ba(OCOCH 3 ) 2 and BaCl 2 . 

[0142] Specific examples of the compounds as a Mg source include MgO, Mg(OH) 2 , MgC0 3 , Mg(OH) 2 , 
3MgC0 3 .3H 2 0, Mg(N0 3 ) 2 .6H 2 0, Mg(OCO) 2 «2H 2 0, Mg(OCOCH 3 ) 2 .4H 2 0, and MgCI 2 . 

[0143] Specific examples of the compounds as a Ca source include CaO, Ca(OH) 2 , CaC0 3 , Ca(N0 3 ) 2 .4H 2 0, Ca 
(OCO) 2 -H 2 0, Ca(OCOCH 3 ) 2 -H 2 0, and CaCI 2 . 
45 [0144] Specific examples of the compounds as a Zn source include ZnO, Zn(OH) 2 , ZnC0 3 , Zn(N0 3 ) 2 -6H 2 0, Zn 
(OCO) 2 , Zn(OCOCH 3 ) 2 and ZnCI 2 . 

[0145] Specific examples of the compounds as a Mn source include Mn0 2 , Mn 2 0 3 , Mn 3 0 4 , MnOOH, MnC0 3 , Mn 
(N0 3 ) 2 , Mn(OCOCH 3 ) 2 .2H 2 0. Mn(OCOCH 3 ) 3 .nH 2 0, and MnCI 2 ■ 4H 2 0. 

[0146] Specific examples of the compounds as an element source for Eu 2+ include Eu 2 0 3 , Eu(OCOCH 3 ) 3 -4H 2 0, 
50 EuCI 3 «6H 2 0 and Eu 2 (OCO) 3 -6H 2 0. 

[0147] Examples of the compounds as a P0 4 source include hydrogen phosphates, phosphates, metaphosphates, 
pyrophosphates of M 1 , M 8 Eu and NH 4 , P 2 0 5 , PX 3 , PX 5 , M 2 P0 4 X, phosphoric acid, metaphosphoric acid and pyro- 
phosphoric acid. 

[01 48] Examples of the compounds as a B0 3 source include borates, hydrogen borates, tetraborates, octaborates, 
55 diborates, and pentaborates of M 8 Eu and NH 4 , boric acid and boron oxide. Of these, borates and hydrogen borates 
of M 8 , Eu and NH 4 , boric acid and boron oxide are preferred. 

[0149] Examples of the compounds as an X source include M 1 X, NH 4 X, HX and M 1 2 P0 4 X. 

[0150] Examples of the compounds as a Z source include M 8 2 Si0 4 , M 8 SiO a , M 8 Ti0 3 , M 8 Zn0 3; M 8 F 2 , M 8 CI 2 , M 8 Br 2> 
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NH 4 F, NH 4 CI, NH 4 Br, HF, HCI and HBr. 

[0151 ] Of these compounds, a proper one is selected in consideration of the chemical composition, reactivity and 
sintering without emitting a gas such as NO x and SO x . 

[01 52] I n the present invention, the first light emitter which irradiates light to the phosphor emits light having a wave- 
5 length of 350-415 nm. A light emitter generating light with a peak wavelength within a wavelength range of from 350 
to 415 nm is preferred. More preferred from the viewpoint of emission efficiency is a light emitter emitting light having 
a peak wavelength within a wavelength range of from 390 to 410 nm. Specific examples of the first light emitter include 
light emitting diode (LED) and laser diode (LD). The laser diode is more preferred, because it consumes less power. 
[01 53] Of these, a GaN-based LED and LD using a GaN compound semiconductor are especially preferred, because 
10 their emission output or external quantum efficiency is by far great compared with an SiC-based LED emitting light of 
this region so that very bright light emission is available at a considerably low electricity by using it in combination with 
the above-described phosphor. For example, when a current of 20 mA is applied, a GaN-based diode has emission 
intensity at least 100 times that of an SiC-based diode. The GaN-based LED or LD preferably has an Al x Ga Y N lumi- 
nescent layer, GaN luminescent layer or ln x Ga Y N luminescent layer. The GaN-based LED having an ln x Ga Y N lumi- 
*5 nescent layer is especially preferred because it has remarkably high emission intensity, while the GaN-based LD having 
a multiple quantum well structure with an ln x Ga Y N layer and a GaN layer is especially preferred because of remarkably 
high emission intensity. 

[0154] !n the above-described compounds, X+Y is usually a value within a range of from 0.8 to 1 .2. As the GaN- 
based LED, that with a luminescent layer having Zn or Si doped therein or no dopant therein is preferred, because it 

20 facilitates control of luminescent properties. The GaN-based LED has such a luminescent layer, p layer, n layer, elec- 
trode and substrate as principal constituents, of which that having a hetero structure in which the luminescent layer 
has been sandwiched between the n type and p type Al x Ga Y N layers, GaN layers or ln x Ga Y N layers is preferred 
because of having high emission efficiency; that having, as the hetero structure, a quantum well structure is more 
preferred because of having higher emission efficiency. 

25 [0155] In the present invention, use of a vertical cavity surface emitting light emitter, especially a vertical cavity 
surface light emitting type GaN laser diode as the first light emitter is especially preferred in order to heighten the 
emission efficiency of the whole light emitting apparatus. The vertical cavity surface emitter generates intense light in 
the plane direction of a film. In the vertical cavity surface type GaN-based laser diode, light emission in the plane 
direction can be made more intense than the edge direction of the luminescent layer by controlling the crystal growth 

30 of the luminescent layer and at the same time using a reflecting layer successfully. When the vertical cavity surface 
emitting diode is used, a light emitting cross-sectional area per unit emission amount can be made greater than that 
of a diode emitting light from the edge of the luminescent layer. 

[0156] As a result, when a phosphor constituting the second light emitter is exposed to the light; the exposed area 
can be increased remarkably at the same light intensity, meaning an improvement in irradiation efficiency. As a result, 

35 more intense light is avaHable from the phosphor. 

[0157] When a vertical cavity surface emitting type is used as the first light emitter, the second light emitter is pref- 
erably in the film form. The vertical cavity surface emitting type light emitter has a large light-emitting cross-sectional 
area so that formation of the second light emitter in the film form in the cross-sectional direction makes it possible to 
heighten the emission intensity from the phosphor, because the irradiation cross-sectional area from the first light 

40 emitter to the phosphor becomes large per unit amount of the phosphor. 

[0158] When a vertical cavity surface emitting type is used as the first light emitter and the second light emitter in 
the film form is used, it is preferred to bring the second light emitter in the film form into direct contact with the light 
emitting surface of the first light emitter. The term "bring into direct contact" as used herein means "bring the first light 
emitter into close contact with the second light emitter without having air or another gas inserted therebetween". 

45 [0159] As a result, it is possible to avoid a light power loss, which otherwise occurs owing to reflection of light from 
the first light emitter by the film surface of the second light emitter and leakage of it to the outside, and thereby improving 
the emission efficiency of the whole device. 

[0160] FIG. 2 is a schematic perspective view illustrating the positional relationship between the first light emitter 
and the second light emitter in one example of the light emitting device of the present invention, in which indicated at 

so numeral 1 is a second light emitter in the film form having the phosphor, 2 a vertical cavity surface emitting GaN-based 
LD as the first light emitter, and 3 a substrate. These three components can be brought into contact with each other 
by bringing the LD 2 and the second light emitter 1 , which have been prepared separately in advance : into contact at 
their surfaces by various means including an adhesive; or forming (as a film) or molding the second light emitter over 
the luminescent surface of the LD 2. As a result, the LD 2 can be brought into contact with the second light emitter 1 . 

55 [0161] Light from the first light emitter or second light emitter usually scatters in all directions. When powder of the 
phosphor to be used as the second light emitter is dispersed in a resin, a portion of light is reflected when it comes 
outside of the resin so that the light can be adjusted to one direction to some extent. Light can thus be induced to an 
efficient direction to some extent so that use of a dispersion of the phosphor powder in a resin as the second light 
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emitter is preferred. As the phosphor powder, that having an average particle size of from 0.5 to 15 urn is usually 
employed. For effective use of the light from the first light emitter, the average diameter is preferably 0.8 to 5 jim, more 
preferably from 0.8 to 2 u.m. 

[0162] Use of a dispersion of the phosphor in a resin has another advantage that it can heighten the intensity of light 
5 from the second light emitter, because the total area of light irradiated from the first light emitter toward the second 
light emitter becomes large. Examples of the resin which can be used for this purpose include epoxy resin, polyvinyl 
resin, polyethylene resin, polypropylene resin and polyester resin. The epoxy resin is preferred because the phosphor 
powder can be well dispersed therein. When the phosphor powder is dispersed in the resin, a weight ratio of the 
phosphor powder to the whole resin is usually from 1 0 to 95%, preferably from 20 to 90%, more preferably from 30 to 
10 80%. When the amount of the phosphor is too large, agglomeration of powder happens to lower the emission efficiency, 
while too small amount happens to deteriorate the emission efficiency owing to absorption or scattering of light in the 
resin. 

[0163] The light emitting device of the present invention is capable of emitting white light by mixing light from the 
first light emitter and light from the second light emitter. Upon emission, a color filter may be used as needed. By making 

15 the light emitted from the device white, an object to be exposed to the light of this light emitting device has a high color 
rendering property. This is an important point upon application of this light emitting device for illumination use. 
[0164] The light emitting device of the present invention is composed of the above-described phosphor as a wave- 
length conversion material and a light emitter generating light of 350-415 nm. In this device, the phosphor absorbs 
light of 350-415 nm generated by the light emitter whereby visible light with good color rendering property and high 

20 intensity can be emitted under any using environment. It is suited as a backlight source, light source for traffic signals, 
and a light source for image display device such as color liquid-crystal display or vertical cavity surface emitting illu- 
minator. 

[0165] The light emitting device of the present invention will next be described referring to diagrams. FIG. 3 is a 
schematic cross-sectional view illustrating one example of a light emitting device having a first light emitter (emits light 
25 of 350-415 nm) and a second light emitter, in which indicated at numeral 4 is a light emitting device, 5 a mount lead, 
6 an inner lead, 7 a first light emitter (which emits light of 350-415 nm), 8 a phosphor-containing resin portion as a 
second light emitter, 9 a conductive wire and 10 a molding member. 

[0166] The light emitting device which is one example of the present invention has a bullet-like shape as illustrated 
in FIG. 3. In an upper cap of the mount lead 5, the first light emitter (emitter of light with 350-415 nm) 7 is fixed by the 

30 phosphor-containing resin portion 8, which has been formed as the second light emitter by mixing and dispersing the 
phosphor in a binder such as epoxy resin or acrylic resin and then casting the dispersion in the cup. The first light 
emitter 7 and mount lead 5, and the first light emitter 7 and inner lead 6 are electrically connected each other via the 
conductive wire 9. They are all covered and protected with the molding member 10 made of an epoxy resin orthe like. 
[0167] In a vertical cavity surface emitting illuminator 98 having this light emitting device 1 incorporated therein, a 

35 number of light emitting devices 91 are placed on the bottom surface of a square holding case 91 0 having an opaque 
inner surface, for example, a white flat inner surface while disposing, outside the case, a power supply and circuit (not 
illustrated) for driving the light emitting devices 91. At a position corresponding to a lid of the holding case 910, a 
diffusion plate 99 such as an opalescent acryl plate is fixed to accomplish uniform light emission. 
[0168] The vertical cavity surface emitting illuminator 98 is switched on and a voltage is applied to the first light 

40 emitter of the light emitting devices 91 , whereby light of 350-415 nm is emitted. The phosphor in the phosphor-containing 
resin portion as the second light emitter absorbs a portion of the light and emits visible light. The visible light is mixed 
with blue light and the like not absorbed by the phosphor. The resulting light with high color rendering property transmits 
through the diffusion plate 99 and outputs in the upward direction of the diagram, whereby light with uniform brightness 
is available in the plane of the diffusion plate 99 of the holding case 91 0. 

45 

EXAMPLES 

[0169] The present invention will hereinafter be described in further detail. It should however be borne in mind that 
the present invention is not limited by the below-described examples insofar as it does not depart from the scope of 
50 the invention. 

[0170] In Examples 1 to 1 0, 1 2 to 1 7 and Comparative Examples 1 and 2. the relative emission intensity (i) is a value 
provided that the emission intensity of the phosphor obtained in Comparative Example 1 is 100. In Examples 19 to 23 
and Comparative Example 3, the relative emission intensity (i) is a value provided that the emission intensity of the 
phosphor obtained in Comparative Example 3 excited at each of 400 nm and 254 nm is 100. In Examples 25 to 35 
55 and Comparative Examples 4 and 5, the relative emission intensity (i) is a value provided that the emission intensity 
of the phosphor obtained in Comparative Example 4 is 100. In Examples 37 to 44 and Comparative Example 6, the 
relative integrated intensity is a value provided that the integrated intensity of the phosphor obtained in Comparative 
Example 6 is 1 . In Examples 37 to 41 , and 45 to 47, the relative emission intensity (i) is a value provided that the 
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emission intensity of the phosphor obtained in Example 40 excited at each of 400 nm and 254 nm is 100. 
Example 1 

5 [0171] With pure water 0.1055 mole of SrHP0 4 , 0.0352 mole of SrC0 3 , 0.0176 mole of SrCI 2 and 0.0088 mole of 
Eu 2 0 3 were pulverized and mixed in a wet-type ball mill made of alumina and containing beads. After drying, the 
resulting mixture was caused to pass through a nylon mesh. The pulverized mixture was sintered by heating at 1 200°C 
for 2 hours in an alumina crucible under a nitrogen gas stream containing 4% of hydrogen. The sintered mixture was 
then washed with water, dried and classified, whereby a phosphor Sr 4 5 Eu 0 5 (P0 4 ) 3 CI was prepared. 

10 [0172] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 4. From the diagram, it has been found 
that the peak pattern of FIG. 4 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1 . 

[0173] The emission spectrum of the resulting phosphor excited at 400 nm which is a dominant wavelength of the 
ultraviolet region of a GaN light emitting diode is shown in FIG. 5. 

[0174] In Table 1, the wavelength of emission peak and relative emission intensity (i) when the resulting phosphor 
15 was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a GaN light emitting diode; and a 
quantum absorption efficiency a q of the phosphor and a product a q -T)j of the quantum absorption efficiency a q and the 
internal quantum efficiency t\ x of the phosphor as measured using a reflector having a reflectance of 98% are shown. 
[0175] With regards to Sr (5 _ x) Eu x (P0 4 ) 3 CI, the number of Eu(s) per volume of the crystalline matrix was found from 
x and the volume of a unit lattice calculated based on the lattice constant of the hexagonal system: a=9.859A, b=9.859A 
20 and c=7.206A and the reciprocal of the number was raised to the 1/3rd power to calculate the Eu-Eu mean distance. 
As a result, the Eu-Eu mean distance in Sr 4 5 Eu 0 5 (P0 4 ) 3 CI was 8.5A. 

Example 2 

25 [0176] In asimilar mannerto Example 1 exceptforthe use of 0.1055 mole of SrHP0 4 , 0.0176 mole of SrC0 3 , 0.0176 
mole of SrCI 2 and 0.0176 mole of Eu 2 0 3 as raw materials instead, a phosphor S^Eu^PO^CI was prepared. 
[01 77] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 6. From the diagram, it has been found 
that the peak pattern of FIG. 6 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1 . 
[0178] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 

30 GaN light emitting diode. The wavelength of its emission peak, relative emission intensity (i), a quantum absorption 
efficiency cc q of the phosphor and a product a q -Tij of the quantum absorption efficiency otq and the internal quantum 
efficiency r|j of the phosphor as measured using a reflector having a reflectance of 98% are shown. 
[0179] The Eu-Eu mean distance was 6.7A. 

35 Example 3 

[0180] In a similar manner to Example 1 except for the use of 0.1055 mole of SrHP0 4 , 0.0176 mole of SrCI 2 and 
0.0264 mole of Eu 2 0 3 as raw materials instead, a phosphor Sr 3 5 Eu-, 5 (P0 4 ) 3 CI was prepared. 

[0181] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 7. From the diagram, it has been found 
40 that the peak pattern of FIG. 7 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1 . 

[0182] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode and emission spectrum was measured. The wavelength of its emission peak, relative emission 
intensity (i), and a quantum absorption efficiency ct q of the phosphor and a product a q -T)j of the quantum absorption 
efficiency otq and the internal quantum efficiency ti, of the phosphor as measured using a reflector having a reflectance 
45 of 98% are shown. 

[0183] The Eu-Eu mean distance was 5.9A. 

Example 4 

50 [0184] In a similar mannerto Example 1 exceptforthe use of 0.0879 mole of SrHP0 4 , 0.01 76. mole of SrCI 2 , 0.0352 
mole of Eu 2 0 3 and 0.0176 mole of (NH 4 ) 2 HP0 4 as raw materials instead, a phosphor Sr 3 Eu 2 (P0 4 ) 3 CI was prepared. 
[0185] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 8. From the diagram, it has been found 
that the peak pattern of FIG. 8 is crystallographically identical to that of Sr 5 (P0 4 ) 3 Ci of FIG. 1 . 
[0186] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 

55 GaN light emitting diode and its emission spectrum was measured. The wavelength of its emission peak and relative 
emission intensity (i) are shown in Table 1. 
[0187] The Eu-Eu mean distance was 5.3A. 
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Example 5 

[0188] In a similar mannerto Example 1 except for the use of 0.1055 mole of SrHP0 4 , 0.0484 mole of SrC0 3 , 0.01 76 
mole of SrCI 2 and 0.00176 mole of CaCo 3 , basic magnesium carbonate (0.00088 mole as Mg) and 0.00088 mole of 

5 Eu 2 0 3 as raw materials instead, a phosphor Sr 4 875 Ca 005 Mg 0 025 Eu 0 05 (PO 4 ) 3 CI was prepared. 

[0189] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 10. From the diagram, it has been 
found that the peak pattern of FIG. 10 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1. The resulting 
phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of aGaN light emitting diode 
and its emission spectrum was measured. In Table 1 , the wavelength of its emission peak and relative emission intensity 

10 (j), and a quantum absorption efficiency ot q of the phosphor and a product a q -T)j of the quantum absorption efficiency 
cc q and the internal quantum efficiency t|j of the phosphor as measured using a reflector having a reflectance of 98% 
are shown. 

[0190] The Eu-Eu mean distance was 18.2A. 
15 Example 6 

[0191] In a similar manner to Example 1 except for the use of 0.1 055 mole of SrHP0 4 , 0.0396 mole of SrC0 3 , 0.00879 
mole of BaC0 3 , basic magnesium carbonate (0.00264 mole as Mg), 0.01 76 mole of BaCl 2 , and 0.00088 mole of Eu 2 0 3 
as raw materials instead, a phosphor S^ ^gBao ysMgo oysEuo osC^O^a 01 was prepared. 

20 [0192] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 11 . From the diagram, it has been 
found that the peak pattern of FIG. 11 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1. The resulting 
phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a GaN light emitting diode 
and its emission spectrum was measured. The wavelength of its emission peak and relative emission intensity (i) are 
shown in Table 1 . 

25 [0193] The Eu-Eu mean distance was 18.2A. 

Example 7 

[0194] In a similar mannerto Example 1 except for the use of 0.0527 mole of SrHP0 4 , 0.0176 mole of SrCI 2 , 0.0527 
30 mole of Eu 2 0 3 and 0.0527 mole of (NH 4 ) 2 HP0 4 as raw materials instead, a phosphor Sr 2 Eu 3 (P0 4 ) 3 CI was prepared. 

[0195] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 12. From the diagram, it has been 

found that the peak pattern of FIG. 12 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1 . 

[0196] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 

GaN light emitting diode and its emission spectrum was measured. In Table 1 , the wavelength of its emission peak 
35 and relative emission intensity (i), and a quantum absorption efficiency cc q of the phosphor and a product a q -T|j of the 

quantum absorption efficiency a q and the internal quantum efficiency T|j of the phosphor as measured using a reflector 

having a reflectance of 98% are shown. 

[0197] The Eu-Eu mean distance was 4.7A. 

40 Example 8 

[0198] In a similar manner to Example 1 except for the use of 0.0176 mole of SrCI 2 , 0.0791 mole of Eu 2 0 3 and 

0.1055 mole of (NH 4 ) 2 HP0 4 as raw materials instead, a phosphor Sr 0 5 Eu 4 5 (P0 4 ) 3 CI was prepared. 

[0199] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 13. From the diagram, it has been 

45 found that the peak pattern of FIG 13 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1 

[0200] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode and its emission spectrum was measured. In Table 1, the wavelength of its emission peak 
and relative emission intensity (i), and a quantum absorption efficiency a q of the phosphor and a product of the 
quantum absorption efficiency a q and the internal quantum efficiency r|j of the phosphor as measured using a reflector 

so having a reflectance of 98% are shown. 

[0201] The Eu-Eu mean distance was 4.1 A. 

Example 9 

55 [0202] In a similar mannerto Example 1 except for the use of 0.1055 mole of SrHP0 4 , 0.0302 mole of SrC0 3 , 0.0199 
mole of CaC0 3 , basic magnesium carbonate (0.00088 mole as Mg), 0.01 76 mole of BaCI 2 , and 0.00088 mole of Eu 2 0 3 
as raw materials instead, a phosphor Sr^ggBaosCaosesMgoo^EuoosfPO^CI was prepared. 
[0203] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 14. From the diagram, it has been 
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found that the peak pattern of FIG. 14 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1 . 
[0204] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode and its emission spectrum was measured. The wavelength of its emission peak and relative 
emission intensity (i) are shown in Table 1 . 
5 [0205] The Eu-Eu mean distance was 18.2A. 

Example 1 0 

[0206] In a similar mannerto Example 1 exceptforthe use of 0.1055 mole of SrHP0 4 , 0.0121 mole of SrC0 3 , 0.0204 
10 mole of BaC0 3 , 0.0176 mole of CaC0 3 , basic magnesium carbonate (0.00088 mole as Mg), 0.0176 mole of BaCI 2 , 
and 0.00088 mole of Eu 2 0 3 as raw materials instead, a phosphor Sr 3 345 Ba 1 08 Ca 0 5 Mg 0 025 Eu 005 (PO 4 ) 3 CI was pre- 
pared. 

[0207] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 15. From the diagram, it has been 
found that the peak pattern of FIG. 15 is crystallographically identical to that of Sr 5 (P0 4 ) 3 CI of FIG. 1 . 
is [0208] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode and its emission spectrum was measured. The wavelength of its emission peak and relative 
emission intensity (i) are shown in Table 1 . 
[0209] The Eu-Eu mean distance was 1 8.2A. 

20 Comparative Example 1 

[0210] With pure water, 0.0103 mole of BaC0 3 , basic magnesium carbonate (0.01 03 mole as Mg) and 0.0570 mole 
of Y-AI2O3 and as an element source compound for an emission center ion, 0.00057 mole of Eu 2 0 3 were pulverized 
and mixed in a wet-type ball mill made of alumina and containing beads. After drying, the resulting mixture was caused 
25 to pass through a nylon mesh. The pulverized mixture was sintered by heating at 1500°C for 2 hours in an alumina 
crucible under a nitrogen gas stream containing 4% of hydrogen. The sintered body was then washed with water, dried 
and classified, whereby a blue light emitting phosphor BaQ 9 Eu 0 .,MgAI 10 O 17 was prepared. 

[0211] The emission spectrum of the resulting phosphor excited at 400 nm, that is, a dominant wavelength of the 
ultraviolet region of a GaN light emitting diode is shown in FIG. 5. The performance of the blue light emitting phosphor 
30 obtained in Comparative Example 1 and that obtained in Example 1 was compared. 

[0212] In Table 1 , the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400. nm, that is, a dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. 
From the table, it has been found that the emission intensity of the phosphor of Example 1 is 5.1 times that of the 
phosphor obtained in Comparative Example 1 , when excited at 400 nm. 

35 

Comparative Example 2 

[0213] In a similar mannerto Example 1 exceptforthe use of 0.0897 mole of SrHPQ 4 , 0.0325 mole of BaC0 3 , 0.0176 
mole of CaC0 3 , basic magnesium carbonate (0.00088 mole as Mg) ; 0.01 76 mole of BaCI 2 , 0.01 58 mole of BaHP0 4 , 
40 and 0.00088 mole of Eu 2 0 3 as raw materials instead, a phosphor Sr 2 55 Ba 1 ^Cag 5 Mg 0 0 25 Eu o 05( PO 4)3 CI was Pre- 
pared. 

[0214] The emission spectrum of the resulting phosphor excited at 400 nm, that is, a dominant wavelength of the 
ultraviolet region of a GaN light emitting diode is shown in FIG. 5. The performance of the blue light emitting phosphor 
obtained in Comparative Example 2 and that obtained in Example 1 was compared. 
45 [0215] In Table 1 , the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. It 
has been found from the table that the emission intensity of the phosphor of Example 1 is 5.1 times that of the phosphor 
obtained in Comparative Example 2, when excited at 400 nm. 
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50 

Example 11 

[0216] In a similar manner to Example 1 except that the amounts of SrHP0 4 , SrCI 2 , Eu 2 0 3 and (NH 4 ) 2 HP0 4 were 
changed, a phosphor Sr (5 _ x) Eu x (P0 4 ) 3 CI with x falling within a range of from 0.05 to 5 was prepared. The phosphor 
55 thus obtained was exposed to light of 254 nm and 400 nm and each emission spectrum was measured. 

[0217] In FIG. 18, the relationship between x and the emission intensity when excited at each of 254 nm and 400 
nm is shown. 

[021 8] The relative emission intensity (ii) used here means emission intensity at the concentration of x provided that 
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the maximum emission intensity at each of 254 nm and 400 nm is 1 . 

[0219] From FIG. 18, it has been found that the Eu concentrations (mole numbers) x at the maximum emission 
intensity excited at 400 nm and 254 nm were 0.5 and <0.05, respectively and the former is greater than the latter. It 
has also been found that in Examples 1 to 4, 7 and 8, each Eu concentration is at least 1 .1 times that (<0.05) at the 
maximum emission intensity upon excitation at 254 nm and it falls within a range of from 0.5 to 9 times that (0.5) at 
the maximum emission intensity upon excitation at 400 nm. 

Example 12 



10 [0220] Calcium chloride dihydrate (0.01382 mole) and 0.00028 mole of europium chloride hexahydrate were weighed 
and dissolved in 20 ml of water. To the resulting aqueous solution was added 85% phosphoric acid in an amount of 
0.00846 mole in terms of phosphoric acid. The resulting mixture was transferred into a magnetic dish to give a total 
amount of from 30 to 40 ml. The solution was heated and dried under stirring. The solid remained after drying was 
collected and pulverized in an agate mortar. A portion of the pulverized product was transferred to an alumina crucible 

15 and sintered at 1000°C for 2 hours under a nitrogen gas stream containing 4% of hydrogen, whereby a phosphor 
Ca 49 Eu 0 ^(PO^gCI was prepared. 

[0221] In Table 2, the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. 
[0222] With regards to Ca (5 _ x) Eu x (P0 4 ) 3 CI, the number of Eu(s) per volume of the crystalline matrix was determined 
20 from x and the volume of a unit lattice calculated based on the lattice constant of the hexagonal system: a=9.54A, 
b=9.54A and c=6.86A and the reciprocal of the number was raised to the 1/3rd power to calculate the Eu-Eu mean 
distance. As a result, the Eu-Eu mean distance in Ca 49 Eu 0 ^(PO^CI was 13.9A. 

Example 13 

25 

[0223] Calcium chloride dihydrate (0 .01 325 mole) and 0.00055 mole of europium chloride hexahydrate were weighed 
and dissolved in 20 ml of water. To the resulting aqueous solution was added 85% phosphoric acid in an amount of 
0.00828 mole in terms of phosphoric acid. The resulting mixture was transferred into a magnetic dish to give a total 
amount of from 30 to 40 ml. The solution was heated and dried under stirring. The solid remained after drying was 
30 treated in a similar manner to Example 12, whereby a phosphor Ca 4 8 Eu 0 2 (P0 4 ) 3 CI was prepared. 

[0224] In Table 2, the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. 
[0225] The Eu-Eu mean distance was 11 .1 A. 



35 Example 14 

[0226] Calcium chloride dihydrate (0.01 22 mole) and 0.001 06 mole of europium chloride hexahydrate were weighed 
and dissolved in 20 ml of water. To the resulting aqueous solution was added 85% phosphoric acid in an amount of 
0.00796 mole in terms of phosphoric acid. The resulting mixture was transferred into a magnetic dish to give a total 
40 amount of from 30 to 40 ml. A 35% aqueous hydrochloric acid solution (50 mL) was added dropwise, followed by 
heating and drying under stirring. The solid remained after drying was treated in a similar manner to Example 12, 
whereby a phosphor Ca 46 Eu 0 4 (P0 4 ) 3 CI was prepared. 

[0227] In Table 2, the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400 nm, that is, dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. 
45 [0228] The Eu-Eu mean distance was 8.8A. 



Example 15 



[0229] Calcium chloride dihydrate (0.011 7 mole) and 0.0013 mole of europium chloride hexahydrate were weighed 
and dissolved in 20 ml of water. To the resulting aqueous solution was added 85% phosphoric acid in an amount of 
0.0078 mole in terms of phosphoric acid. The resulting mixture was transferred into a magnetic dish to give a total 
amount of from 30 to 40 ml. A 35% aqueous hydrochloric acid solution (50 mL) was added dropwise, followed by 
heating and drying under stirring. The solid remained after drying was treated in a similar manner to Example 12, 
whereby a phosphor Ca 45 Eu 0 5 (P0 4 ) 3 CI was prepared. 

[0230] In Table 2, the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400 nm, that is, dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. 
[0231] The Eu-Eu mean distance was 8.2A. 
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Example 1 6 

[0232] Calcium chloride dihydrate (0.01054 mole) and 0.00186 mole of europium nitrate hexahydrate were weighed 
and dissolved in 20 ml of water. To the resulting aqueous solution was added 85% phosphoric acid in an amount of 

5 0.00744 mole in terms of phosphoric acid. The resulting mixture was transferred into a magnetic dish to give a total 
amount of from 30 to 40 ml. A 35% aqueous hydrochloric acid solution (100 mL) was added dropwise, followed by 
heating and drying under stirring. The solid remained after drying was treated in a similar manner to Example 12, 
whereby a phosphor Ca 4 25 Eu 0 75 (P0 4 ) 3 CI was prepared. The X-ray diffraction pattern of the resulting phosphor was 
found to be crystallographically identical to that of Ca 5 (P0 4 ) 3 CI. 

10 [0233] In Table 2, the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. 
[0234] The Eu-Eu mean distance was 7.1 A. 
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Example 1 7 



[0235] Calcium chloride dihydrate (0.00948 mole) and 0.00237 mole of europium nitrate hexahydrate were weighed 
and dissolved in 20 ml of water. To the resulting aqueous solution was added 85% phosphoric acid in an amount of 
0.00711 mole in terms of phosphoric acid. The resulting mixture was transferred into a magnetic dish to give a total 
amount of from 30 to 40 ml. A 35% aqueous hydrochloric acid solution (150 mL) was added dropwise, followed by 
20 heating and drying under stirring. The solid remained after drying was treated in a similar manner to Example 12, 
whereby a phosphor Ca 4 Eu 1 (P0 4 ) 3 CI was prepared. 

[0236] In Table 2, the wavelength of the emission peak and relative emission intensity (i) when the phosphor was 
excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a GaN light emitting diode are shown. 
[0237] The Eu-Eu mean distance was 6.5A. 
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Example 1 8 



[0238] Calcium chloride dlhydrate (0.00948 mole) and 0.00237 mole of europium nitrate hexahydrate were weighed 
50 and dissolved in 20 ml of water. To the resulting aqueous solution was added 85% phosphoric acid as phosphoric acid. 
In a similar manner to Example 12 except that the amounts of calcium chloride, europium nitrate, europium chloride, 
phosphoric acid and hydrochloric acid were changed, a phosphor Ca (5 . x) Eu x (P0 4 ) 3 CI with x falling within a range of 
from 0.01 to 1 .25 was prepared. The resulting phosphor was exposed to light of each of 254 nm and 400 nm to measure 
its emission spectrum. 

55 [0239] The relationship between x and the emission intensity when the phosphor was excited at each of 254 nm and 
400 nm is shown in FIG. 19. 

[0240] The relative emission intensity (ii) used here means emission intensity at the concentration x provided that 
the maximum emission intensity at each of 254 nm and 400 nm is 1 . 
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[0241 ] From FIG . 1 9, it has been found that the Eu concentrations (mole numbers) at the maximum emission intensity 
when the phosphor was excited at 400 nm and 254 nm were 0.75 and 0.05, respectively, and the former is greater 
than the latter. It has also been found that the Eu concentrations in Examples 14 to 17 are each at least 1.1 times the 
Eu concentration (<0.05) at the maximum emission intensity upon excitation at 254 nm and it falls within a range of 
5 from 0.5 to 9 times the Eu concentration (0.5) at the maximum emission intensity upon excitation at 400 nm. 

Example 1 9 

[0242] With pure water, 0.00798 mole of BaC0 3 , basic magnesium carbonate (0.0114 mole as Mg), 0.0570 mole of 
10 y-AI 2 0 3 , and 0.001 7 mole of Eu 2 0 3 were pulverized and mixed in a wet-type ball mill made of alumina and containing 
beads. After drying, the resulting mixture was caused to pass through a nylon mesh. The pulverized mixture was 
sintered by heating at 1600° C for 2 hours in an alumina crucible under a nitrogen gas stream containing 4% of hydrogen. 
The sintered body was then washed with water, dried and classified, whereby a blue light emitting phosphor 
Bao 7 Eu 0 3 MgAI 10 O 17 was prepared. 
15 [0243] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a 
GaN light emitting diode and 254 nm, that is, a dominant wavelength of a low-pressure mercury lamp to be used for 
ordinary fluorescent lamps, whereby the emission spectra were measured. In Table 3, the wavelength of the emission 
peak when the phosphor was excited at 400 nm and the relative emission intensity (i) when the phosphor was excited 
at each of 400 nm and 254 nm are shown. 
20 [0244] With regards to Ba (1 _ x) Eu x MgAI 10 O 17t the number of Eu(s) per volume of the crystalline matrix determined 
from the x and the volume of a unit lattice calculated based on the lattice constant of the hexagonal system: a=5.628A, 
b=5.628A and c=22.66A and the reciprocal of the number was raised to the 1/3rd power to calculate the Eu-Eu mean 
distance. As a result, the Eu-Eu mean distance in Ba 0 7 Eu 0 3 MgAI 10 O 17 was 10.1 A. 

25 Example 20 

[0245] In a similar mannerto Example 1 9 except for the use of 0.00570 mole of BaC0 3 , basic magnesium carbonate 
(0.0114 mole as Mg), 0.0570 mole of y-AI 2 0 3 , and 0.00285 mole of Eu 2 0 3 as raw materials instead, a phosphor 
B^ 5 Eu 0 5 MgAI 10 O 17 was prepared. 

30 [0246] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 21 . From this diagram, it has been 
found that the peak pattern of FIG. 21 is crystallographically identical to that of BaMgAI 10 O 17 of FIG. 20. 
[0247] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a 
GaN light emitting diode and at 254 nm, that is, a dominant wavelength of a low-pressure mercury lamp to be used for 
ordinary fluorescent lamps, whereby the emission spectra were measured. In Table 3, the wavelength of the emission 

35 peak when the phosphor was excited at 400 nm and the relative emission intensity (i) when the phosphor was excited 
at each of 400 nm and 254 nm are shown. 
[0248] The Eu-Eu mean distance was 8.5A. 

Example 21 

40 

[0249] In a similar mannerto Example 1 9 except for the use of 0.0091 2 mole of BaC0 3 , basic magnesium carbonate 
(0.0114 mole as Mg), 0.0570 mole of y-AI 2 0 3 , and 0.00114 mole of Eu 2 0 3 as raw materials instead, a phosphor 
Bao 8 Eu 0 2 MgAI 10 O 17 was prepared. 

[0250] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a 
45 GaN light emitting diode and at 254 nm, that is, a dominant wavelength of a low-pressure mercury lamp to be used for 
ordinary fluorescent lamps, whereby the emission spectra were measured. In Table 3, the wavelength of the emission 
peak when the phosphor was excited at 400 nm and the relative emission intensity (i) when the phosphor was excited 
at each of 400 nm and 254 nm are shown. 
[0251] The Eu-Eu mean distance was 11 .6A. 

50 

Example 22 

[0252] In a similar manner to Example 1 9 except for the use of 0.00502 mole of BaC0 3 , 0.00410 mole of CaC0 3 , 
basic magnesium carbonate (0.01 14 mole as Mg), 0.0570 moleof y-AI 2 0 3 , and 0.001 14 mole of Eu 2 0 3 as raw materials 
55 instead, a phosphor Bao 44 Ca o 36 Eu o 2 M 9 AI 10°17 was prepared. 

[0253] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a 
GaN light emitting diode to measure its emission spectrum. In Table 3, the wavelength of the emission peak and the 
relative emission intensity (i) when the phosphor was excited at 400 nm are shown. 
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[0254] The Eu-Eu mean distance was 11 .6A. 
Example 23 

5 [0255] In a similar manner to Example 1 9 except for the use of 0.00502 mole of BaC0 3 , 0.0041 0 mole of SrC0 3 , 
basic magnesium carbonate (0.0114 mole as Mg), 0.0570 mole of y-AI 2 0 3 , 0.00114 mole of Eu 2 0 3 as raw materials 
instead, a phosphor Ba 0 44Sr 0 ^Euq 2 MgAI 10 O 17 was prepared. 

[0256] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength in the ultraviolet region of a 
GaN light emitting diode to measure its emission spectrum. In Table 3, the wavelength of the emission peak and the 
10 relative emission intensity (i) when the phosphor was excited at 400 nm are shown. 
[0257] The Eu-Eu mean distance was 11 .6A. 

Comparative Example 3 

15 [0258] In a similar manner to Example 19 except for the use of 0.0103 mole of BaC0 3 , basic magnesium carbonate 
(0.0114 mole as Mg), 0.0570 mole of Y" AI 2°3' and 0.00057 mole of Eu 2 0 3 as raw materials instead, a phosphor 
BaQ 9 Eu 0 .-|MgAI 10 O 17 having a composition similar to that of the commercially available blue light emitting phosphor 
was prepared. 

[0259] The resulting phosphor was excited at 400 nm. that is, a dominant wavelength in the ultraviolet region of a 
20 GaN light emitting diode and at 254 nm, that is, a dominant wavelength of a low-pressure mercury lamp to be used for 
ordinary fluorescent lamps, whereby the emission spectra were measured. In Table 3, the wavelength of the emission 
peak when the phosphor was excited at 400 nm and the relative emission intensity (i) when the phosphor was excited 
at each of 400 nm and 254 nm are shown. It has been found from the table that the emission intensity of the phosphor 
of Example 1 9 was 1 .9 times that of the phosphor obtained in Comparative Example, when they were excited at 400 nm. 
25 [0260] The Eu-Eu mean distance was 14.6A. 
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Example 24 

so [0261] In a similar manner to Example 1 9 except that the amounts of BaC0 3 , basic magnesium carbonate, Y-Al 2 0 3 
and Eu 2 0 3 were changed, a phosphor Ba (1 . x) Eu x MgAI 10 O 17 with the x falling within a range of from 0 to 1 was prepared. 
The resulting phosphor was exposed to light of 254 nm and 400 nm to measure the emission spectra. 
[0262] In FIG. 22, the relationship between the x and emission intensity when the phosphor was excited at each of 
254 nm and 400 nm is shown. 

55 [0263] In this system, Eu can be substituted for the Ba site so that a ratio of the actual substitution number of Eu to 
the number of all the sites for which Eu can be substituted is x. The relative emission intensity (ii) here means emission 
intensity at the concentration x provided that the maximum emission intensities at 254 nm and 400 nm are each 1 . 
[0264] It has been found from FIG. 22 that the Eu concentrations (mole numbers) x at the maximum emission intensity 
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when the phosphor was excited at 400 nm and 254 nm are 0.3 and 0.1 , respectively, and the former is greater than 
the latter. It has also been found that the Eu concentrations of Examples 19 to 23 are each at least 1 .1 times the Eu 
concentration (0.1) at the maximum emission intensity upon excitation at 254 nm, and it falls within a range of from 
0.5 to 9 times the Eu concentration (0.3) at the maximum emission intensity upon excitation at 400 nm. 

5 [0265] The relationship between the Eu-Eu mean distance of each of these phosphors and the emission intensity 
when they are excited at each of 254 nm and 400 nm is shown in FIG. 23. The relative emission intensity (ii) here 
means emission intensity at an Eu-Eu mean distance provided that the maximum emission intensities upon excitation 
at 254 nm and 400 nm are 1 , respectively. The Eu-Eu mean distance when the emission intensity reached the maximum 
one upon excitation at 400 nm was 10.12A. The Eu-Eu mean distance when the emission intensity reached the max- 

10 imum one upon excitation at 254 nm was 14.59A, suggesting that it is longer than the Eu-Eu mean distance when the 
emission intensity reached the maximum one upon excitation at 400 nm. 

Example 25 

15 [0266] With pure water, 0.0553 mole of BaC0 3 , 0.0186 mole (as Mg) of basic magnesium carbonate, 0.0372 mole 
of Si0 2 , and 0.00018 mole of Eu 2 0 3 were pulverized and mixed in a wet-type ball mill made of alumina and containing 
beads. After drying, the resulting mixture was caused to pass through a nylon mesh. The pulverized mixture was 
sintered by heating at 1200°Cfor2 hours in an alumina crucible under a nitrogen gas stream containing 4% of hydrogen. 
The sintered body was then washed with water, dried and classified, whereby a phosphor was prepared. 

20 [0267] The X-ray diffraction pattern of the resulting phosphor Ba 2 98 Eu 0 02 MgSi 2 O 8 is shown in FIG. 27. It suggests 
that the peak pattern of FIG. 27 is crystallographically identical to that of Ba 3 MgSi 2 0 8 of FIG. 24. 
[0268] The emission spectrum of the resulting phosphor excited at 400 nm, that is, a dominant wavelength of the 
ultraviolet region of a GaN light emitting diode is shown in FIG. 28. The wavelength of the emission peak and relative 
emission intensity (i) are shown in Table 4. 

25 

Example 26 

[0269] In a similar manner to Example 25 except for the use of 0.0553 mole of SrC0 3 instead of BaC0 3 , a phosphor 
was prepared. 

30 [0270] The X-ray diffraction pattern of the resulting phosphor Sr 2 9qEu 0 02 MgSi 2 O 8 is shown in FIG. 29. It has been 
found that the peak pattern of FIG. 29 is crystallographically identical to that of Sr 3 MgSi 2 0 8 of FIG. 25. The wavelength 
of the emission peak and relative emission intensity (i) when the phosphor was excited at 400 nm.that is ; a predominant 
wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

35 Example 27 

[0271] In a similar manner to Example 25 except for the use of 0.0442 mole of BaC0 3 , 0.0084 mole of CaC0 3 and 
0.0028 mole of MnC0 3 instead of BaC0 3 , a. phosphor Ba2 38 Eu 0 02 Ca 045 Mn 0 15 MgSi 2 0 8 was prepared. 
[0272] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
40 400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

Example 28 

[0273] In a similar mannerto Example 25 except for the use of 0.0186 mole (as Zn) of basic zinc carbonate instead 
45 of basic magnesium carbonate, a phosphor Ba 2 98 Eu 0 02 ZnSi 2 O 8 was prepared. 

[0274] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

Example 29 

50 

[0275] In a similar manner to Example 25 except that the amounts of BaCO a and Eu 2 0 3 were changed to 0.0556 
mole and 0.000074 mole, respectively, a phosphor Bag 992 Eu 0 008 MgSi 2 O 8 was prepared. 

[0276] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

55 

Example 30 

[0277] In a similar mannerto Example 25 except that the sintering temperature was changed to 1300°C, a phosphor 
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Ba 2 98 Eu 002 MgSi 2 O 8 was prepared. 

[0278] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

5 Example 31 

[0279] In a similar manner to Example 25 except that the amounts of BaC0 3 and Eu 2 0 3 were changed to 0.0549 
mole and 0.00047 mole, respectively, a phosphor Ba 2 95 Eu 0 05 MgSi 2 O 8 was prepared. 

[0280] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
10 400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

Example 32 

[0281] In a similar manner to Example 25 except that the amounts of BaC0 3 and Eu 2 0 3 were changed to 0.0539 
15 mole and 0.00093 mole, respectively, a phosphor Bag 9 Eu 0 -,MgSi 2 0 8 was prepared. 

[0282] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

Example 33 

20 

[0283] In a similar manner to Example 25 except that the amounts of BaC0 3 and Eu 2 0 3 were changed to 0.0530 
mole and 0.00140 mole, respectively, a phosphor Bag 85 Eu 0 15 MgSi 2 O a was prepared. 

[0284] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

25 

Example 34 

[0285] In a similar manner to Example 25 except that the amounts of BaC0 3 and Eu 2 0 3 were changed to 0.0521 
mole and 0.00186 mole, respectively, a phosphor Bag 8 Eu 02 MgSi 2 O 8 was prepared. 
30 [0286] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

Example 35 

35 [0287] In a similar manner to Example 25 except that the amounts of BaC0 3 and Eu 2 0 3 were changed to 0.0502 
mole and 0.00279 mole, respectively, a phosphor Ba 2 7 Eu 0 3 MgSi 2 O s was prepared. 

[0288] The wavelength of the emission peak and relative emission intensity (i) when the phosphor was excited at 
400 nm, that is, a predominant wavelength in the ultraviolet region of a GaN light emitting diode are shown in Table 4. 

40 Comparative Example 4 

[0289] With pure water, 0.0103 mole of BaC0 3 , 0.0103 mole (as Mg) of basic magnesium carbonate, 0.0570 mole 
of y-AI 2 0 3 , and 0.00057 mole of Eu 2 Q 3 were pulverized and mixed in a wet-type ball mill made of alumina and containing 
beads. After drying, the resulting mixture was caused to pass through a nylon mesh. The pulverized mixture was 
45 sintered by heating at 1500° C for 2 hours in an alumina crucible under a nitrogen gas stream containing 4% of hydrogen. 
The sintered body was then washed with water, dried and classified, whereby a blue light emitting phosphor 
(Ba 0 9 Eu 0 -(MgAljoO-,7) was prepared. 

[0290] The emission spectrum of the resulting phosphor excited at 400 nm, that is, a dominant wavelength of the 
ultraviolet region of a GaN light emitting diode is shown in FIG. 28 and the performance was compared between the 
50 blue light emitting phosphors obtained in Example 25 and Comparative Example 4. The wavelength of the emission 
peak and relative emission intensity (i) are shown in Table 4. It has been found that the emission intensity of the 
phosphor obtained in Example 25 was 2.8 times that of the phosphor obtained in Comparative Example 4 when each 
phosphor was excited at 400 nm. 

55 Comparative Example 5 

[0291] With pure water 0.0238 mole of Y 2 0 3 , 0.0400 mole of y-AI 2 0 3 , and 0.00048 mole of Ce0 2 were pulverized 
and mixed in a wet-type ball mill made of alumina and containing beads. After drying, the resulting mixture was caused 
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to pass through a nylon mesh. The pulverized mixture was sintered by heating at 1500°C for 2 hours in an alumina 
crucible under a nitrogen gas stream containing 4% of hydrogen. The sintered body was then washed with water, dried 
and classified, whereby a yellow-emitting phosphor (Y 2 . 98 Ce 0 03 AI 5 O 12 ) was prepared. 

[0292] The wavelength of emission peak and relative emission intensity (i) of the phosphor are shown in Table 4. It 
has been found that the emission intensity of the phosphor obtained in Example 25 is 250 times that of the phosphor 
obtained in Comparative Example 5, when these phosphors were excited at 400 nm. 
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Example 36 



55 



[0293] In a similar manner to Example 25 except that the amounts of BaC0 3 and Eu 2 0 3 were changed, a phosphor 
Ba (1 . x) Eu x MgSi 2 0 8 with the x falling within a range of from 0.003 to 3 was prepared. The resulting phosphor was 
exposed to light of 254 nm and 400 nm to measure emission spectra. 

[0294] The relationship between the x and emission intensity upon excitation at each of 254 nm and 400 nm is shown 
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in FIG. 30. 

[0295] The relative emission intensity (ii) here means emission intensity at the concentration of x provided that the 
maximum emission intensities at 254 nm and 400 nm are each 1 . 

[0296] From FIG. 30, it has been found that the Eu concentrations (mote numbers) x of the maximum emission 
5 intensities upon excitation at 400 nm and 254 nm are 0.1 and 0.02, respectively and the former is greater than the 
latter. It has also been found that the Eu concentrations in Examples 31 to 35 are each at least 1 .1 times the Eu 
concentration (0.02) at the maximum emission intensity upon excitation at 254 nm and it falls within a range of from 
0.5 to 9 times the Eu concentration (0.5) at the maximum emission intensity upon excitation at 400 nm. 

10 Example 37 

[0297] With pure water, 0.06 mole of CaHP0 4 , 0.0255 mole of CaC0 3 , 0.006 mole of MgHP0 4 , 0.0255 mole of 
MgC0 3 and 0.0045 mole of Eu 2 O a were pulverized and mixed in a wet-type ball mill made of alumina and containing 
beads After drying , the resulting mixture was caused to pass through a nylon mesh. The pulverized mixture was sintered 
15 by heating at 1 1 00°C for 2 hours in an alumina crucible under a nitrogen gas stream containing 4% of hydrogen. The 
sintered body was then washed with water, dried and classified, whereby a blue light emitting phosphor 
Eu 0>15 Ca 1 - 425 Mg 1>425 (PO 4 ) 2 was prepared. 

[0298] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 32. It suggests that the peak pattern 
of FIG. 32 is crystallographically identical to that of Ca 3 Mg 3 (P0 4 ) 4 of FIG. 31 . 
20 [0299] The emission spectrum of the resulting phosphor excited at 400 nm, that is, a dominant wavelength of the 
ultraviolet region of a GaN light emitting diode is shown in FIG. 33. In Table 5, the wavelength, relative integrated 
intensity, half-width, and relative emission intensity (i) of the emission peak, and the relative emission intensity (i) upon 
excitation at 254 nm are shown. 

[0300] With regards to Eu x Ca (1 5 _ 0 5x) Mg (1 5 _ 0 5x) (P0 4 ) 2 , the number of Eu(s) per volume of crystalline matrix was 
25 determined from x and the volume of a unit lattice calculated based on the lattice constant of the hexagonal system: 
a=7.280A, b=7.280A, c=7.280A, a=43.35°, 0=43.35°, and y=43.35° and the reciprocal of the number was raised to 
the 1/3rd power to calculate the Eu-Eu mean distance. As a result, the Eu-Eu mean distance in Eu 0 15 Ca 1 . 42 5 M 9i .425 
(P0 4 ) 2 was 10.3 A. 

30 Example 38 

[0301] In a similar manner to Example 37 except for the use of 0.06 mole of CaHP0 4 , 0.0282 mole of CaC0 3 , 0.06 
mole of MgHP0 4 , 0.0282 mole of MgC0 3 and 0.0018 mole of Eu 2 0 3 instead as raw materials, a phosphor 

Eu 0 .o6 Ca i.47 M gi.47( po 4)2 was prepared. 
35 [0302] The X-ray diffraction pattern of the resulting phosphor is shown in FIG. 34. It suggests that the peak pattern 
of FIG. 34 is crystallographically identical to that of Ca 3 Mg 3 (P0 4 ) 4 of FIG. 31 . 

[0303] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity, 
half-width, and relative emission intensity (i) of its emission peak, and the relative emission intensity (i) upon excitation 
40 at 254 nm are shown. 

[0304] The Eu-Eu mean distance was 14.0A. 

Example 3g 

45 [0305] In a similar manner to Example 37 except for the use of 0.06 mole of CaHP0 4 , 0.0291 mole of CaC0 3> 0.06 
mole of MgHP0 4 , 0.0291 mole of MgC0 3 and 0.0009 mole of Eu 2 0 3 instead as raw materials, a phosphor 
Euoo3Ca 1 .4 85 Mg 1 .4 8 5(P0 4 ) 2 was prepared. 

[0306] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity, 
50 half -width, and relative emission intensity (i) of the emission peak, and the relative emission intensity (i) upon excitation 
at 254 nm are shown. 

[0307] The Eu-Eu mean distance was 1 7.7A. 
Example 40 

55 

[0308] In a similar mannerto Example 37 except for the use of 0.06 mole of CaHP0 4 , 0.02955 mole of CaC0 3 , 0.06 
mole of MgHP0 4 , 0.02955 mole of MgC0 3 and 0.00045 mole of Eu 2 0 3 instead as raw materials, a phosphor 
Euo.oi 5 Cai.4925 M gi.4925( p0 4)2 was prepared. 
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[0309] The X-ray diffraction pattern of this phosphor is shown in FIG. 35. It suggests that the peak pattern of FIG. 
35 is crystallographically identical to that of Ca 3 Mg 3 (P0 4 ) 4 of FIG. 31 . 

[0310] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity, 
5 half -width, and relative emission intensity (i) of its emission peak, and the relative emission intensity (i) upon excitation 
at 254 nm are shown. 

[0311] The Eu-Eu mean distance was 22.2A. 
Example 41 

10 

[0312] In a similar manner to Example 37 except for the use of 0.06 mole of CaHP0 4 , 0.02991 mole of CaC0 3 , 0.06 
mole of MgHP0 4 , 0.02991 mole of MgC0 3 and 0.00009 mole of Eu 2 0 3 instead as raw materials, a phosphor 
Eu 0.003 Ca i.4985 M 9i.4985( PO 4)2 was prepared. 

[0313] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
15 GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity, 
half-width, and relative emission intensity (i) of its emission peak, and the relative emission intensity (i) upon excitation 
at 254 nm are shown. 

[0314] The Eu-Eu mean distance was 38. OA. 
20 Example 42 

[0315] In a similar manner to Example 37 except for the use of 0.0802 mole of CaHP0 4 , 0.0389 mole of CaC0 3 , 
0.0398 mole of MgHP0 4 , 0.0193 mole of MgC0 3 and 0.0009 mole of Eu 2 0 3 instead as raw materials, a phosphor 

Eu 0 03 Ca 1.985 M 90.985( PO 4)2 Was P re P ared 

25 [0316] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity 
and half-width of its emission peak are shown. 
[0317] The Eu-Eu mean distance was 17.7A. 

30 Example 43 

[0318] In a similar manner to Example 37 except for the use of 0.12 mole of CaHP0 4 , 0.0582 mole of CaC0 3 and 
0.0009 mole of Eu 2 0 3 instead as raw materials, a phosphor Eu 0 03 Ca 2 97 (P0 4 ) 2 was prepared. 
[0319] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
35 GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity 
and half-width of its emission peak are shown. 
[0320] The Eu-Eu mean distance was 1 7.7A. 

Example 44 

40 

[0321] In a similar manner to Example 37 except for the use of 0.0398 mole of CaHP0 4 , 0.0193 mole of CaC0 3 , 
0.0802 mole of MgHP0 4 , 0.0389 mole of MgC0 3 and 0.0009 mole of Eu 2 0 3 instead as raw materials, a phosphor 
Eu oo3 Ca o.985 M 9i.985( p °4)2 was prepared. 

[0322] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
45 GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity 
and half-width of its emission peak are shown. 
[0323] The Eu-Eu mean distance was 1 7.7A. 

Example 45 

50 

[0324] In a similar manner to Example 37 except for the use of 0.05 mole of CaHP0 4 , 0.01 875 mole of CaC0 3> 0.05 
mole of MgHP0 4 , 0.01875 mole of MgC0 3 and 0.00625 mole of Eu 2 Q 3 instead as raw materials, a phosphor 
Eu 0 25 Ca i.375 M 9i.375( PO 4)2 was prepared. The resulting phosphor was excited at 400 nm, that is, a dominant wave- 
length of the ultraviolet region of a GaN light emitting diode to measure its emission spectrum. In Table 5, the wave- 
55 length, half-width, and relative emission intensity (i) of its emission peak, and the relative emission intensity (i) upon 
excitation at 254 nm are shown. 
[0325] The Eu-Eu mean distance was 8.7A. 
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Example 46 

[0326] In a similar manner to Example 37 except for the use of 0.05 mole of CaHP0 4 , 0.0175 mole of CaC0 3 , 0.05 
mole of MgHP0 4 , 0.0175 mole of MgC0 3 and 0.0075 mole of Eu 2 0 3 instead as raw materials, a phosphor 
5 Eu 0 3 Ca., 35 Mg 1 35 (P0 4 ) 2 was prepared. The resulting phosphor was excited at 400 nm, that is, a dominant wavelength 
of the ultraviolet region of a GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, 
half-width, and relative emission intensity (i) of its emission spectrum, and the relative emission intensity (i) upon 
excitation at 254 nm are shown. 
[0327] The Eu-Eu mean distance was 8.19A. 

10 

Example 47 

[0328] In a similar manner to Example 37 except for the use of 0.05 mole of CaHP0 4 , 0.015 mole of CaCO a , 0.05 
mole of MgHP0 4 , 0.015 mole of MgC0 3 and 0.01 mole of Eu 2 0 3 instead as raw materials, a phosphor Eu 0 4 Ca 1 3 Mg 1 3 
15 (P0 4 ) 2 was prepared. The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet 
region of a GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, half-width, and 
relative emission intensity (i) of its emission peak, and the relative emission intensity (i) upon excitation at 254 nm are 
shown. 

[0329] The Eu-Eu mean distance was 7.44A. 

20 

Comparative Example 6 

[0330] In a similar manner to Example 37 except for the use of 0.12 mole of MgHP0 4 , 0.0594 mole of MgC0 3 and 
0.0003 mole of Eu 2 0 3 instead as raw materials, a phosphor Eu 0 01 Mg 2 99 (PO 4 ) 2 was prepared. 
25 [0331] The resulting phosphor was excited at 400 nm, that is, a dominant wavelength of the ultraviolet region of a 
GaN light emitting diode to measure its emission spectrum. In Table 5, the wavelength, relative integrated intensity 
and half-width of its emission peak are shown Compared with a phosphor having a Ca-containing composition, the 
phosphor having a Ca-free composition has lower emission intensity and smaller half-width of the emission peak so 
that it has inferior color rendering property. 
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Example 48 

[0332] Inasimilarmannerto Example 37 exceptthatthe amounts of CaHP0 4 , CaC0 3 , MgHP0 4 , MgC0 3 and Eu 2 0 3 
were changed, a phosphor Eu x Ca (1 5 _ 0 5x) Mg (1 5 _ 05x) (P0 4 ) 2 with the x falling within a range of from 0.003 to 1 .5 was 
5 prepared. The resulting phosphor was exposed to light of 254 nm and 400 nm to measure emission spectra. 

[0333] The relationship between the x and the emission intensity upon excitation at each of 254 nm and 400 nm is 
shown in FIG. 36. 

[0334] The relative emission intensity (ii) used here means emission intensity at the concentration x provided that 
the maximum emission intensities at 254 nm and 400 nm are each 1 . 

10 [0335] From FIG. 36, it has been found that the Eu concentrations (mole numbers) x of the maximum emission 
intensity upon excitation at 400 nm and 254 nm are 0.25 and 0.015, respectively and the former is greater than the 
latter. It has also been found that the Eu concentration of each of the phosphors obtained in Examples 37, and 45 to 
47 was at least 1 .1 times the Eu concentration (0.015) at the maximum emission intensity upon excitation at 254 nm 
and it falls within a range of from 0.5 to 9 times the Eu concentration (0.25) at the maximum emission intensity upon 

15 excitation at 400 nm. 

[0336] Although the present invention was described in detail or described referring to certain embodiments, it is 
evident for those skilled in the art that various changes or modifications can be added thereto without departing from 
the spirit and scope of the present invention. 

[0337] The present application is based on Japanese Patent Application (Patent Appliation No. 2002-038705) filed 
20 on February 1 5, 2002, Japanese Patent Application (Patent Application No. 2002-050938) filed on February 27, 2002, 
Japanese Patent Application (Patent Application No. 2002-129143) filed on April 30, 2002, Japanese Patent Application 
(Patent Application No. 2002-214992) filed on July 24, 2002, Japanese Patent Application (Patent Application No. 
2002-348200) filed on November 29, 2002, and Japanese Patent Application (Patent Application No. 2003-004521) 
filed on January 10, 2003, and they are incorporated herein for reference. 

25 

INDUSTRIAL APPLICABILITY 

[0338] The present invention makes it possible to provide a light emitting device having a high emission intensity 
and also a light emitting device having a high emission intensity and good color rendering property. 

30 

Claims 

1. A light emitting device which comprises: 

35 

a first light emitter emitting light of from 350 to 41 5 nm and 

a second light emitter emitting visible light by exposure to the light from the first light emitter, wherein said 
second light emitter comprises a phosphor capable of satisfying any one of the following conditions (i) to (iv): 

40 (j) the phosphor comprises: 

(a) a crystal phase whose Eu concentration providing the maximum emission intensity at any one of 
excitation wavelengths of from 350 to 415 nm is higher than that providing the maximum emission 
intensity at an excitation wavelength of 254 nm; and 
45 (b) a crystal phase which is activated by Eu having at least 1.1 times the concentration providing the 

maximum emission intensity at an excitation wavelength of 254 nm and 0.5 to 9 times the concentra- 
tion providing the maximum emission intensity at an excitation frequency of 400 nm: 

(ii) the phosphor comprises a crystal phase having an Eu-Eu mean distance, as calculated from the Eu 
50 concentration in a crystal matrix, of 4A or greater but not greater than 11 A: 

(iii) the phosphor has a quantum absorption efficiency a p of 0.8 or greater: 

(iv) the phosphor has a product a q -iij of a quantum absorption efficiency a q and an internal quantum 
efficiency ti, of 0.55 or greater. 

55 2. The light emitting device according to claim 1 , wherein the phosphor comprises a crystal phase having a chemical 
composition of the following formula [1]: 
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Eu a Sr b M 1 5 _ a _ b (P0 4 ) c X d [1] 

(wherein, M 1 represents a metal element other than Eu and Sr, X represents a monovalent anionic group 
other than P0 4 , a and b stand for numbers satisfying a>0, b>0, a+b<5 and at least one of a>0.1 and b>3, c stands 
for a number satisfying 2.7<c<3.3, and d stands for a number satisfying 0.9<d<1 .1). 

3. The light emitting device according to claim 2, wherein a and b satisfy 0.1<a<5 and 0.01<b<5; or 0.0001<a<5 and 
3<b<5. 

4. The light emitting device according to claim 2 or 3, wherein 70 mol% or greater of M 1 is composed of at least one 
element selected from the group consisting of Ba, Mg, Ca, Zn and Mn. 

5. The light emitting device according to any one of claims 2 to 4, wherein 50 mol% or greater of X is composed of CI. 

6. The light emitting device according to any one of claims 2 to 5, wherein a and b satisfy a>0.1 and b>3. 

7. The light emitting device according to any one of claims 2 to 6, wherein a satisfies a>0.2. 

20 8. The light emitting device according to claim 7, wherein a satisfies 0.2<a<3. 

9. The light emitting device according to any one of claims 2 to 8, wherein M 1 is composed of at least one element 
selected from the group consisting of Ba, Mg, Ca, Zn and Mn; and X is composed of CI. 

25 10. The light emitting device according to any one of claims 2 to 9, wherein M 1 is composed of at least one element 
selected from the group consisting of Ba, Mg, and Ca; and X is composed of CI. 

1 1 . The light emitting device according to claim 1 , wherein the phosphor comprises a crystal phase having a chemical 
composition of the following formula [2]: 
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M <e-ex) M ex Eu f M (g-gy) M gy M (h-hz) M hz°l [2] 

(wherein, M 2 represents at least one element selected from the group consisting of Ba, Sr and Ca, M 2 ' rep- 
resents a monovalent element or a divalent metal element (except Ba, Sr, Ca and Eu) having a radius of 0.92A or 
greater in the divalent form upon coordination number 6, M 3 represents at least one element selected from the 
group consisting of Mg and Zn, M 3 ' represents a divalent metal element (except Mg and Zn) having a radius less 
than 0.92A in the divalent form upon coordination number 6, M 4 represents at least one element selected from the 
group consisting of Al, Ga and Sc, M 4 ' represents a trivalent metal element (except Al, Ga and Sc), f stands for a 
number satisfying 0.11<f<0.99, e stands for a number satisfying 0.9<(e+f)<1 .1 , g stands for a number satisfying 
0.9<g<1.1 , h stands for a number satisfying 9<h<11, i stands for a number satisfying 15.3<g<18.7, x stands for a 
number satisfying 0<x<0.2, y stands for a numbersatisfying 0<y<0.2, and 2 stands for a number satisfying 0<z<0.2). 

12. The light emitting device according to claim 11 , wherein f stands for 0.15<f<0.85. 

13. The light emitting device according to claim 11 or 12, wherein that M 4 represents Al. 

14. The light emitting device according to any one of claims 11 to 13, wherein a ratio of Ba to the total of M 2 and M 2 ' 
is 30 mol% or greater and at the same time, a ratio of at least one of Sr and Ca to said total is 20 mol% or greater. 

15. The light emitting device according to any one of claims 11 to 14, wherein z stands for 0, 

16. The light emitting device according to any one of claims 11 to 15, wherein x and y each stands for 0. 

17. The light emitting device according to claim 1 , wherein the phosphor comprises a crystal phase having a chemical 
composition of the following formula [3]: 
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M 5 j Eu k M 6 ,M 7 m O n [3] 

(Wherein, M 5 represents a metal element comprising at least one element selected from the group consisting 
5 of Ba, Sr and Ca in a total amount of 90 mol% or greater, M 6 represents a metal element comprising at least one 

element selected from the group consisting of Mg and Zn in a total amount of 90 mol% or greater, M 7 represents 
a metal element comprising at least one element selected from the group consisting of Si and Ge in a total amount 
of 90 mol% or greater, j stands for a number satisfying 2.5<j<3.3, kstands for a number satisfying 0.0001<k<1 .0, 
1 stands for a number satisfying 0.9<1<1 .1 , m stands for a number satisfying 1 .8<m<2.2 and n stands for a number 
10 satisfying 7.2<n<8.8). 

18. The light emitting device according to claim 1 7, wherein a proportion of the total amounts of Ba, Sr and Ca in M 5 , 
a proportion of the total amounts of Mg and Zn in M 6 , and a proportion of the total amounts of Si and Ge in M 7 
each is each 95 mol% or greater. 

15 

19. The light emitting device according to claim 17 or 1 8, wherein M 5 represents at least one metal element selected 
from Ba, Sr and Ga, M 6 represents at least one metal element selected from Mg and Zn and M 7 represents at least 
one metal element selected from Si and Ge. 

20 20. The light emitting device according to any one of claims 1 7 to 1 9, wherein M 5 represents at least one metal element 
selected from Ba and Sr, M 6 represents Mg, and M 7 represents Si. 

21. The light emitting device according to any one of claims 17 to 20, wherein k stands for a number satisfying 
0.001 <k<1. 

25 

22. The light emitting device according to any one of claims 17 to 21 , wherein a molar ratio of Ba to Sr in M 5 is 0.05 
or greater. 

23. The light emitting device according to claim 1 , wherein the phosphor comprises a crystal phase having a chemical 
30 composition of the following formula [4]: 

Eu 0 M 8 p (P0 4 ) q (B0 3 ) 2 . q Zr [4] 

35 (wherein, M 8 represents a metal element which contains Ca and 80 mol% or greater of which is composed 

of at least one element selected from the group consisting of Ca and Mg; Z represents an anionic group other than 
P0 4 3 " and BO3 3 '; o stands for a number satisfying 0.003<o<2.1 , p stands for a number satisfying 2.7<(o+p)<3.3, 
q stands for a number satisfying 1 .2<q<2 and r stands for a number satisfying 0<r<0.1). 

40 24. The light emitting device according to claim 23, wherein o stands for a number satisfying 0.015<o<2.1 . 

25. The light emitting device according to claim 23 or 24, wherein a proportion, in M 8 , of Ca to the total amount of Ca 
and Mg is 40 mol% or greater. 

4 5 26. The light emitting device according to any one of claims 23 to 25, wherein q stands for a number satisfying 1 .6<q<2. 

27. The light emitting device according to any one of claims 23 to 26, wherein M 8 has least one element selected from 
the group consisting of Ca and Mg and comprises 40 mol% or greater of Ca. 

50 28. The light emitting device according to any one of claims 23 to 27, wherein the formula [4] is Eu 0 M 8 p (P0 4 ) 2 Zr. 

29. The light emitting device according to any one of claims 1 to 28, wherein the first light emitter is a laser diode or 
light emitting diode. 

55 30. The light emitting device according to claim 29, wherein the first light emitter is a laser diode. 

31 . The light emitting device according to any one of claim 1 to 30, wherein the first light emitter is obtainable by using 
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a GaN compound semiconductor. 

32. The light emitting device according to any one of claim 1 to 31 , wherein the first light emitter is a vertical cavity 
surface emitting GaN laser diode. 

5 

33. The light emitting device according to any one of claims 1 to 32, wherein the second light emitter is in the film form. 

34. The light emitting device according to claim 33, wherein the visible light is emitted directly while bringing a film 
surface of the second light emitter into direct contact with a light emitting surface of the first light emitter or while 

10 molding the second light emitter on the light emitting surface of the first light emitter. 

35. The tight emitting device according to any one of claims 1 to 34, wherein the second light emitter is obtainable by 
dispersing the phosphor in the powder form in a resin. 

15 36. The light emitting device according to any one of claims 1 to 35, wherein the light coming out from the light emitting 
device is a mixture of the light from the first light emitter and the light from the second light emitter and is white in 
color. 
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37. An illuminator having a light emitting device according to any one of claims 1 to 36. 

38. A light emitting device comprising a first light emitter emitting light of from 350 to 41 5 nm and a second light emitter 
emitting visible light by exposure to the light from the first light emitter, wherein said second light emitter comprises 
a phosphor having a crystal phase having a chemical composition of the following formula [1 J: 

Eu aSr b M 1 5 . a . b (PQ 4 ) c X d [1] 



(wherein, M 1 represents a metal element other than Eu and Sr, X represents a monovalent anionic group 
other than P0 4 , a and b stand for numbers satisfying a>0, b>0, a+b<5 and at least one of a>0.1 and b>3, c stands 
30 for a number satisfying 2.7<c<3.3, and d stands for a number satisfying 0.9<d<1.1). 

39. A light emitting device according to claim 38, wherein b satisfies b>0. 



40. A light emitting device comprising a first light emitter emitting light of from 350 to 415 nm and a second light emitter 
emitting visible light by exposure to the light from the first light emitter, wherein said second light emitter comprises 
a phosphor having a crystal phase having a chemical composition of the following formula [2]: 

2 2' 3 3' 4 4' 

M (e-ex) M e* Eu f M (g-gy)M gy M (h . hz) M hz Oj [2] 



(wherein, M 2 represents at least one element selected from the group consisting of Ba, Sr and Ca, M 2 ' rep- 
resents a monovalent element or a divalent metal element (except Ba, Sr, Ca and Eu) having a radius of 0.92A or 
greater in the divalent form upon coordination number 6, M 3 represents at least one element selected from the 
group consisting of Mg and Zn, M 3 ' represents a divalent metal element (except Mg and Zn) having a radius less 

45 than 0.92A in the divalent form upon coordination number 6, M 4 represents at least one element selected from the 

group consisting of Al, Ga and Sc, M 4 represents a trivalent metal element (except Al, Ga and Sc), f stands for a 
number satisfying 0.11<f<0.99, e stands for a number satisfying 0.9<(e+f)<1.1, g stands for a number satisfying 
0.9<g<1.11 , h stands for a number satisfying 9<h<11, i stands for a number satisfying 15.3<g<18.7, x stands for 
a number satisfying 0<x<0.2, y stands for a number satisfying 0<y<0.2, and z stands for a number satisfying 

50 0<z<0.2). 

41 . A light emitting device comprising a first light emitter emitting light of from 350 to 41 5 nm and a second light emitter 
emitting visible light by exposure to the light from the first light emitter, wherein said second light emitter comprises 
a phosphor having a crystal phase having a chemical composition of the following formula [3]: 



M 5 jEu k M 6 lM 7 m O n [3 ] 
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10 



(wherein, M 5 represents a metal element comprising at least one element selected from the group consisting 
of Ba, Sr and Ca in a total amount of 90 mol% or greater, M 6 represents a metai element comprising at least one 
element selected from the group consisting of Mg and Zn in a total amount of 90 mol% or greater, M 7 represents 
a metal element comprising at least one element selected from the group consisting of Si and Ge in a total amount 
of 90 mol% or greater, j stands for a number satisfying 2.5<j<3.3, k stands for a number satisfying 0.0001<k<1 .0, 
1 stands for a number satisfying 0.9<1<1 .1 , m stands for a number satisfying 1 .8<m<2.2 and n stands for a number 
satisfying 7.2<n<8.8). 

42. The light emitting device according to claim 41 , wherein j stands for a number satisfying 2.7<j<3.3. 

43. A light emitting device comprising a first light emitter emitting light of from 350 to 41 5 nm and a second light emitter 
emitting visible light by exposure to light from the first light emitter, wherein said second light emitter comprises a 
phosphor having a crystal phase having a chemical composition of the following formula [4]: 

15 Eu 0 M 8 p (P0 4 ) q (B0 3 ) 2 . q Zr [4] 

(wherein, M 8 represents a metal element which contains Ca and 80 mol% or greater of which is composed 
of at least one element selected from the group consisting of Ca and Mg; Z represents an anionic group other than 
20 P0 4 3 ' and B0 3 3 "; o stands for a number satisfying 0.003<o<2.1 ; p stands for a number satisfying 2.7<(o+p)<3.3, 

q stands for a number satisfying 1 .2<q^2 and r stands for a number satisfying 0<r<0.1). 
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